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Recent studies by research scientists have further 
increased the uses of the Analytical Ultracentrifuge for 
measuring molecular weights and purity of viruses, 
enzymes, proteins, polymers and a variety of organic 
and inorganic molecules. Here are four new 
developments as reported in the technical literature. 





Kegeles and Rao at Clark University have measured the 
molecular weights of chemically reacting systems in the ultra- 
centrifuge cell using the Archibald “approach-to-equilibrium” 
method. Studying the enzyme system alpha-chymotrypsin, they 
showed it to be present in the ultracentrifuge cell as an 
equilibrium mixture of monomers, dimers, and trimers. This 

is an extension of previous work which showed that the 
Archibald method applies to polydisperse non-ideal solutions, 
as well as to monodisperse ideal solutions. 


Trautman, at New York’s Rockefeller Institute for Medical 
Research, showed that the accuracy of the Archibald method 
can be improved by more precisely locating the position of 
the meniscus on the ultracentrifuge photographic plate. 

He made a detailed study of the optical fine structure at the 
meniscus, and used a special optical aligning procedure with 
a mirror in the ultracentrifuge cell. 


At Stockholm’s Nobel Medical Institute, Ehrenberg reports a 
simplified approach-to-equilibrium method which makes 
measurements from the schlieren curve easier. He runs the 
ultracentrifuge fast enough for a peak to begin forming at the 
meniscus so that the schlieren curve is parallel with the 
baseline and no extrapolation is necessary. His measurements 
of molecular weight and diffusion constants agree closely 
with those by other methods. 


Van Holde and Baldwin at the University of Wisconsin have 
used short liquid columns to achieve complete sedimentation 
equilibrium in a fraction of the time previously required. Using 
liquid columns of only 3 mm, they report equilibrium with sucrose 
in 3% hours, and with a 1 mm column in only 30 minutes. In 
addition, the authors report that measurements during approach- 
to-equilibrium permit calculation of a diffusion coefficient. 


If you are not familiar with the Ultracentrifuge, we will be 
happy to send you copies of “An Introduction to Ultracentrifuge 
Techniques” and the latest issue of “Fractions”, a periodical 
sent to owners of Spinco ultracentrifuges, electrophoresis- 
diffusion instruments and amino acid analyzers. Write Spinco 
Division, Beckman Instruments, Inc., Stanford Industrial Park, 
Palo Alto 5, California. 


“2: Beckman: 


Spinco Division 
Beckman Instruments, Inc. 
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For engineering, for research, for business 
data processing in companies both large 
and small...The new, fully-transistorized 





RPC-4000 





ELECTRONIC COMPUTING SYSTEM 


Advanced design: fully transistorized—with important 
new computer design concepts that provide the largest 
memory, greatest problem-solving capacity and flexi- 
bility in the low- or medium-priced field. Entire system 
—computer, input-output typewriter and tape punch- 
read console—have been specially designed as a unit. 
High-speed computing ability: extra large capacity 
(8008 words) magnetic drum memory, with special 
fast access features. Computing speeds of up to 230,000 
operations per minute. Ultra high speed input-output: 
500 characters per second photoelectric punched paper 
tape reader, and 300 characters per second paper tape 
punch available as optional equipment. Easy to use: 
maximum results can be obtained by non-technical 
personnel. Users benefit from free training, continuing 
assistance, an extensive library of programs. Versatile 
command structure provides programming speed and 
flexibility. Low in cost: priced just above the small- 
scale computers, the RPC-4000 outperforms computers 
costing many times more. Economical to install and 





another outstanding computer value 
...marketed by Royal MCBee Corporation 


operate: no site preparation, air-conditioning or special 
maintenance required. Plugs into any standard wall 
outlet. Multiple application ability: designed to per- 
form engineering, scientific and research calculations, 
as well as business data processing and management 
control functions. 

The RPC-4000 is a product of the Royal Precision 
Corporation, and is marketed by the Data Processing 
Division of Royal McBee. It is the latest member of the 
growing family of electronic computers from the peo- 
ple whose LGP-30 has become the world’s leading 
small-scale computer. 


oe Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and Gen- 
eral Precision Equipment Corporations. RPC-4000 sales and ser- 
vice are available coast-to-coast, in Canada and abroad through 
Royal McBee Data Processing offices. For full specifications, write 
ROYAL MCBEE CORPORATION, data processing division, Port Chester, N.Y. 
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In 1760, Indian Prince Tepper Sahib trained a 
5,000-man rocket corps. Using rocket launchers of 
the type illustrated the Sahib repelled 4 British at- 
tack against his walled city — and started the de- 
feated British thinking about rockets of their own! 

Missiles have become greatly more sophisticated 
since the Sahib first broke the British Square. As a 
vital part of one of the world’s largest purely elec- 
tronic companies, Raytheon Missile Systems Divi- 
sion is making great advances in this field. Here 
engineers are working with far-advanced concepts in 
electronics, aeronautics, and astronautics. Constantly 
analyzing, evaluating, creating, they’re helping to 
solve tomorrow’s defense problems now. 

Raytheon has room for more such men at all levels 
of responsibility. For them, Raytheon’s Missile 
Systems Division creates a climate for talent — 
perhaps your talent. 





ENGINEERS: Immediate openings in 
Operations Analysis « Radar Systems 


ie e Data Processing « Design Data « Sys- 
5 \ 


tems Test + Specification Engineering 
« Circuit Design « Systems Analysis 
¢ Electronic Packaging « Transmitter 
Design + Process Engineering « Product 
cu Engineering + Publications + Quality 
og Control + Microwave. 


ok Your resume will receive prompt atten- 
gah 28 tion. Please address it to: Mr. Richard S. 
per Malcolm, Coordinator of Employment/- 
Placement, Missile Systems Division, 
Raytheon Company, 520 Winter Street, 


Waltham, Massachusetts. 
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Cover Nuts, bur, and leaves of the Chinese chestnut (Castanea mollissima Bl.), introduced to 
this country from the Orient shortly after the turn of the century. This species is 
resistant to chestnut blight, the fungus disease that killed the American chestnut. Wide- 
spread planting of this species, both in orchards and as a yard tree, is bringing back 
the chestnut to the American scene (X 1.5). [J. W. McKay and F. H. Berry] 
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Chemist Jack Wright developed the use of this X-ray fluorescence 
machine for testing the concentration of preservatives in wood. Here 
he bombards a boring from a test telephone pole with X-rays. 


This Bell Labs chemist is using a fast, new technique 
for measuring the concentration of fungus-killing preserva- 
tive in telephone poles. 


A boring from a test pole is bombarded with X-rays. 
The preservative—pentachlorophenol—converts some of 
the incoming X-rays to new ones of different and charac- 
teristic wave length. These new rays are isolated and sent 
into a radiation counter which registers their intensity. The 
intensity in turn reveals the concentration of preservative. 


Bell Laboratories chemists must test thousands of wood 
specimens annually in their research to make telephone 
poles last longer. Seeking a faster test, they explored the 
possibility of X-ray fluorescence—a technique developed 
originally for metallurgy. For the first time, this technique 
was applied to wood. Result: A wood specimen check in 
just two minutes—at least 15 times faster than before possi- 
ble with the conventional microchemical analysis. 


Bell Labs scientists must remain alert.to all ways of 
improving telephone service. They must create radically 
new technology or improve what already exists. Here, they 
devised a way to speed research in one of telephony’s oldest 
and most important arts—that of wood preservation. 


Nature still grows the best telephone poles. There are over 21 million 
wooden poles in the Bell System. They require no painting, scraping or 
cleaning; can be nailed, drilled, cut, sawed and climbed like no other 
material. Scientific wood preservation cuts telephone costs, conserves 
valuable timber acres. 


BELL TELEPHONE LABORATORIES 


World Center of Communications Research and Development 
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The Lab Coat as a Status Symbol 


A neat, white, knee-length coat is universally recognized as the 
uniform of the scientist. The lab coat’s primitive function as a utili- 
tarian garment, protective against the dermolytic and vestidemolitive 
hazards of the laboratory, has bit by bit been replaced by its function 
as a status symbol. Just as we recognize a bishop by his mitre, or a 
burglar by his mask, we recognize a scientist by his lab coat. But 
in recent years the lab coat has become more than a mere workaday 
uniform. The soldier peels potatoes, cleans his rifle, and even fights 
his battles in his uniform; the modern scientist rarely works in his 
lab coat. When work is unavoidable, he will be found in his shirt- 
sleeves, in a coarse brown smock, or in plastic. His lab coat, clean, 
pressed, possibly even starched, hangs safely behind the door, to be 
worn only when he is lecturing or greeting official visitors. Like 
spurs and shakos, the lab coat has been promoted to a new role; it is 
rapidly becoming, not merely the uniform, but indeed the dress 
uniform of the scientist. 

Dress uniforms are worn solely for symbolic and ceremonial reasons, 
not for practical purposes. Nevertheless, their once-useful features are 
conscientiously preserved; an infantryman’s sleeve buttons, or the 
spiked helmet of an uhlan, are examples. The lab coat is fraught with 
potentialities for such symbolic survivals. Detachable buttons were 
highly functional on garments subject to the vicissitudes of frequent 
vigorous laundering. The modern lab coat should of course be safely 
dry-cleaned, but the Chinese puzzles formerly used to hold the 
buttons in place might well be retained, and even elaborated into con- 
spicuous ornaments—no longer detachable, of course. The utilitarian 
lab coat always bore stains characteristic of the work of its wearer. 
These could be symbolized by chevrons or flashes of suitable color; 
purple and red (hematoxylin and eosin) for the histologist; black and 
orange (sulfuric acid and bichromate) for the chemist; greenish yellow 
and scarlet (pus and blood) for the pathologist; blue and brown (ball- 
point and coffee) for the statistician. Compact patterns of small holes 
or a bit of fringe on the cuff might be other symbols reminiscent of 
the days when lab coats were worn in the lab. Vertical as well as hori- 
zontal status could be shown by such insignia; undergraduates would 
wear unadorned white; graduate students might claim the right to a 
single, grey, grime-colored insigne; Ph.D’s would wear the colors of 
their specialties; and Nobel prize-winners, like admirals-of-the-fleet 
and field marshals, would be privileged to blossom out in creations of 
their own tasteful design. 

These developments cannot be pressed; they must evolve slowly, 
guided by tradition and respect for the past. But they should be taken 
seriously. Scientists have momentarily achieved a position of high 
prestige, but in a democratic society (as in any other) prestige without 
symbols is but fleeting, while symbols without prestige may endure 
forever.—F. E. WARBURTON, 6171 Sherbrooke West, Montreal, Canada. 
[Reprinted, with permission, from The Malpighii, the newsletter (cir- 
culation, 18) of the Malpighian Society of Montreal, Vol. 2, No. 2 
(14 Jan. 1960)] 
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Production and Absorption 


of Work by Muscle 


Work absorbed in stretching a contracting muscle 
can reverse the chemical processes of activity. 


A contracting muscle performs me- 
chanical work by shortening against a 
load. Its energy is derived from chemi- 
cal reactions. What the reactions are, 
and what their sequence is, is not pre- 
cisely known, though it is certain that 
they occur in two main phases, initial 
and recovery. The initial phase is rapid 
and is independent of the presence of 
oxygen; it is known to include the 
splitting of creatine phosphate and it is 
commonly believed, though on indirect 
grounds, that the earliest occurrence in 
it is the hydrolysis of adenosine tri- 
phosphate. 
known, may be involved. Moreover, the 
formation of lactic acid from glycogen 
certainly occurs in normal muscles when 
more than a very small muscular effort 
is made; but since a muscle poisoned 
with iodoacetate may continue to con- 
tract for a time in a perfectly normal 
way without producing any lactic acid 
at all, the formation of lactic acid is 
now regarded as an early event in re- 
covery. The large amount of free en- 
ergy thus made available is believed to 
effect a resynthesis of the creatine 
phosphate. 

The main recovery process is very 
slow and involves the utilization of 
oxygen; the free energy supplied by 
oxidation provides a means of reversing 
the previous reactions, and finally the 
muscle returns to the same chemical 
state as when it started, except that a 
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Other processes, not yet. 


A. V. Hill 


certain amount of fuel has been burned 
and oxygen used. If adenosine triphos- 
phate is in fact split in the earliest stage 
of contraction, the fact that its products 
cannot be detected chemically has to be 
explained by supposing that it is very 
rapidly re-formed with the aid of the 
free energy supplied by the slightly later 
breakdown of creatine phosphate. Un- 
fortunately the energy changes in these 
three nonoxidative processes are not yet 
accurately known, but approximate 
values for the changes in enthalpy 
— AH and free energy — AF are given 
in Table 1. It would be a great service 
to physiology if these quantities could 
be more certainly determined, under the 
conditions existing inside a muscle fiber, 
but that will not be easy, for it requires 
a knowledge of the initial and final 
states, whether combined or uncom- 
bined, and the concentrations of the 
substances involved. 


Work and Heat in Contraction 


In the living muscle the energy liber- 
ated can be measured as 


work + heat; 


in the complete cycle, including re- 
covery, it is about twice as great as 
in the initial process alone. In this 
article, only the initial process is con- 
sidered, and no further reference is 
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made to specific chemical reactions. The 
relations discussed are those between 
work and heat, under various conditions 
of shortening, lengthening, and tension, 
so chemical details are really irrelevant. 

The processes of muscular contraction 
occur at constant temperature and pres- 
sure; any idea that muscle is a heat 
engine is nonsense—work is certainly 
derived at constant temperature from 
the free energy of chemical reactions. If 
no external work were done, the heat 
production would be — AH, while the 
maximum amount of work conceivably 
possible is — AF. In any actual con- 
traction the ratio of work done to total 
energy used, often—though perhaps im- 
properly—called the “efficiency,” de- 
pends on several variables, particularly 
on the speed of shortening. The maxi- 
mum value is about 0.4, so AF/AH is 
certainly greater than 0.4—possibly con- 
siderably greater, for the production of 
work may be far from reversible in the 
thermodynamic sense. The values of 
— AH and —AF in Table 1 show 
that the ratio AF/AH is rather large; 
it may indeed be substantially greater 
than 1. Then, under “reversible” con- 
ditions, if those could be realized, a 
muscle would cool when it did maxi- 
mum work. In fact, nothing like that 
ever happens. 

It has often been supposed that when 
a given stimulus has been applied to a 
muscle the total amount of energy liber- 
ated is then settled for good, the only 
point not settled being how much of 
this energy is turned into work, how 
much into heat. The question was really 
decided experimentally 95 years ago by 
Heidenhain, whose results showed (to 
put the conclusion in modern jargon) 
that a muscle contains a “governor” 
and that the energy used depends not 
only on the stimulus but on the length 
throughout contraction and on the load. 
Heidenhain’s technique would be re- 
garded today as primitive; it was sub- 
ject to various errors, and the readings 





The author is affiliated with University College, 
London, England. This article is the John R. 
Murlin lecture, presented 3 June 1959 at the 
University of Rochester School of Medicine and 
Dentistry, Rochester, N.Y. 
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Table 1. Heat production (— AH) and maximum 
amount of work possible (— AF) (in kilocalories 
per mole) for splitting and neutralization at 
pH 7.0. ADP, adenosine diphosphate; ATP, 
adenosine triphosphate; Cr, creatine; CrP, 
creatine phosphate; P, phosphate. 








Reaction —AH —AF 
ATP > ADP + P 5 to 10 8 to 10 
CrP Cr+ P l1lto17 10to15 
Lactic acid from glycogen 24 39 





obtained were very small. Nevertheless 
he arrived by it at the right answer, one 
of the most important in physiology. 
But rather little attention was paid to 
it, perhaps because his differences 
looked so small, and people went on 
thinking in the older terms; I did myself 
when I came to the subject 45 years 
later. The problem was not properly 
tackled again until nearly 60 years after 
Heidenhain, when W. O. Fenn joined 
me at Manchester in 1922. Fenn’s two 
papers on the subject, published in 1923 
and 1924 (/), opened an entirely new 
chapter in the physiology of muscle. 
There is no point now in recalling the 
details of his experiments, but their 
conclusion can be put into two simple 
statements, in Fenn’s words: (i) “When 
a muscle shortens upon stimulation and 
does work in lifting a weight, an extra 
amount of energy is mobilized”; and 
(ii) Forcible “lengthening during the 
contraction period decreases the energy 
liberated. . . . When the work done by 
the muscle is negative the excess energy 
is also negative.” 

These conclusions still stand: they 
were the starting point of most of what 
follows. 


Contractile and Elastic Elements 


The “business” part of a muscle is 
the contractile component, which in 
skeletal muscle is joined to the bones by 
tendons forming the series elastic com- 
ponent. Under so called “isometric” 
conditions the distance between the 
outer ends of the tendons is constant, 
and when the muscle is stimulated it 
shortens and stretches the tendons, doing 
quite a lot of work on them (which 
can, for example, be useful in jumping). 
It may be that part of the series elastic 
component really resides in the con- 
tractile component itself—for example, 
in one of the bands of the sacromere— 
and it is certain that, when one makes 
experiments, part of the series elastic 
component resides in the connection to 
one’s recording instruments. There are 
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other elastic elements in muscle, making 
up the parallel elastic component, but 
if one works at a short enough length, 
these provide no complication and need 
not be referred to again. 

The series elastic component, how- 
ever, provides a major complication in 
any investigation of the mechanical 
work performed by a muscle and the 
heat it produces. By special methods 
(2), which need not be described here, 
its properties can be measured and dis- 
played in a generalized diagram from 
which the amount of stretch under any 
tension, and the amount of elastic en- 
ergy it contains, can be read off. A 
similar diagram can be constructed for 
the elastic properties of the recording 
arrangements. This stored elastic energy 
is important: when a muscle relaxes 
under tension, the elastic energy is 
turned into heat in the contractile com- 
ponent and is added to the heat previ- 
ously recorded. 


Activation, Shortening, and Work 


When a muscle is stimulated it passes 
from a state of rest to one of activity. 
These two states differ fundamentally 
from one another, just as a piece of hard 
rubber (ebonite) after vulcanization dif- 
fers from the original soft rubber. In 
fact, by current theories, contraction 
could be pictured as reversible vulcan- 
ization. The transformation from the 
first state to the second requires chemi- 
cal change, and that results in a produc- 
tion of heat which we call the heat of 
activation, A. A is independent of 
whether the muscle shortens and does 
mechanical work, or does not. But the 
transformation from rest to activity 
quickly reverses itself, and if the stim- 
ulus is not repeated, the active state de- 
cays and the initial condition returns. 
In order to maintain the state of activity 
a succession of stimuli must be applied, 
and A becomes the heat of maintenance, 
the cost of keeping the engine going. 

The next stage is this. If a muscle is 
allowed to shorten it gives out extra 
heat. For a given amount of shortening 
the heat .is independent of whether 
mechanical work is done or not; it is 
simply proportional to the amount of 
shortening (3). The phenomenon is 
most elegantly displayed by releasing a 
muscle against a load during a previ- 
ously isometric contraction. The quan- 
tity of heat is ax, where x is the amount 
of shortening and a is a constant of 
the dimensions of force (heat is always 
calculated in mechanical units). The 


constant a is directly related to the 
strength of the muscle—that is, to the 
maximum force it can exert. 

The third stage is this. When a 
muscle shortens it does more or less 
work according to the load which, to 
quote Fenn’s anthropomorphic idiom, it 
“discovers it must lift.” The perform- 
ance of this work does not affect the 
amount of heat liberated in the other 
two stages; the mechanical work (W) 
just appears as an extra term in the 
equation, which finally runs: total en- 
ergy by muscle = A + ax + W. 

The appearance of W as an extra 
energy term without any extra heat is 


‘striking, but it seems to be authentic. 


The quantity (A + ax), in a sense, is 
“waste heat,” though a better term is 
“overhead”; it depends, as regards A, 
on the duration of the stimulus and as 
regards ax, on the amount of shortening 
allowed. To get the greatest mechanical 
output from a given expenditure of 
chemical energy, the conditions must 
be adjusted to make (A + ax)/W as 
small as possible. But the “overhead” 
cost of contraction cannot be avoided, 
and this suggests that it may not really 
be “irreversibility” (in the thermody- 
namic sense) that limits the ratio of 
work done to energy used, but the 
nature of the machine itself. If a 
muscle is to do mechanical work it has 
to be put in a state of readiness and 
then to shorten, and the energy needed 
for this can be regarded as “overhead” 
cost. The muscle can then perform 
mechanical work with an extra expen- 
diture of energy no greater than the 
work itself. If in the underlying chemi- 
cal reaction — AF and — AH were 
equal, this could happen if the muscular 
process were “reversible” in the thermo- 
dynamic sense. If — AF were greater 
than — AH, as may well be the case, 
thermodynamic ‘irreversibility’ can 
still occur to a certain extent; then 
only a part of — AF, equal to — AH, 
wouid be utilized in producing external 
work. 


Stretching during Contraction 


The exciting possibilities of an ap- 
proach in muscle to thermodynamic 
“reversibility” in the production of 
work, together with the rather precise 
way in which all these relations seem to 
hold together, suggested a reexamination 
of Fenn’s original result on the stretch- 
ing of muscle. Could the chemical 
processes which are provoked by apply- 
ing a stimulus really be reversed by the 
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application of external mechanical work? 
Consider a storage battery and a motor 
which can also function in the reverse 
direction as a dynamo. When they are 
connected the storage battery provides 
energy which is used by the motor in 
doing mechanical work. When external 
mechanical power is applied to the 
motor in the opposite direction it be- 
comes a dynamo and charges the bat- 
tery. Can this sort of thing happen in 
a muscle when mechanical power is 
applied to it during contraction? One 
must say specifically “during contrac- 
tion” because a muscle at rest does not 
resist stretch except by purely elastic 
and viscous forces. The only way in 
which mechanical work can be applied 
to the contractile portion of a muscle 
is by stretching the muscle while it is 
actively resisting. 

In 1938, 15 years after Fenn, I took 
the question up again and came to the 
preliminary conclusion that during very 
gradual lengthening, under a load some- 
what greater than a muscle could bear, 
the net rate of its energy liberation was 
rather less than during an isometric con- 
traction (4). After another interval 
of 12 years, due to World War II and 
to the need for rehabilitating ideas and 
apparatus, the problem was_ tackled 
again, by Abbott and Aubert, who 
clearly confirmed the earlier result (5). 
But something far more important came 
out of their experiments when much 
more rapid stretches were applied and 
when heat and work were measured. It 
then became clear that a substantial part 
of the work disappeared and did not 
reappear as heat; we could only sup- 
pose that it was used in driving the 
resynthesis of chemical breakdown prod- 


ucts of the reaction set up by the. 


stimulus. But the results were not as 
decisive as they might have been, and 
there was no evidence of when and how 
the work disappeared. We were, in fact, 
not thinking very clearly about the 
subject; it is funny how long clear think- 
ing sometimes takes! But after another 
7 years the subject was taken up again 
(6). In the meantime, apparatus and 
methods had been somewhat improved, 
but, more important, we had much 
clearer ideas of the mechanics of muscle 
and of the nature of the problem. 


Chemical Reversal by Stretch 


Consider a muscle stretched by 11 
percent or more during a single twitch 
or a short tetanus. The stretch occurs 
at any desired speed, starting not too 
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Table 2. Contractions with stretch. H,, total heat 
appearing in muscle; W., total work done on 
muscle. 








Stretch Hy We H, — W, 
(%) (gm-cm) (gm-cm) (gm-cm) 
Twitches 
11 26.4 25.8 0.6* 
11 31.5 26.7 4.8 
11 27.9 25.2 2.7t 
12 26.5 24.2 2.3t 
14.5 39.5 38.8 0.7* 
18 46.3 46.7 —0.4* 
Tetani (short) 

15.5 42.8 42.4 0.4* 
16 72.1 66.5 5.6 
16 57.3 55.1 22° 
16.5 76.6 68.5 8.1 
18 58.8 59.2 —0.4* 
18 64.2 65.4 —1.2* 
22 75.1 75.0 0.1* 





* H, and W. were equal within the limits of experimen- 
tal error. ¢ The equality of H, and W. was doubtful. 


long after the stimulus. The ergometer 
is provided with a tension recorder, 
joined to the muscle by a strong chain, 
and also with a device to record the 
distance moved. Tension and distance 
are displayed on the two beams of a 
cathode-ray tube and photographed. The 
work is obtained from the curve relat- 
ing the two. The heat is measured by 
thermopile and galvanometer and re- 
corded from a second tube. 

Let us first consider total quantities— 
the total work done by the ergometer 
and the total heat produced in the 
muscle up to the time when it has fully 
relaxed (Table 2). To avoid trouble 
with elastic energy remaining after the 
end of relaxation, the length to which 
the muscle is stretched must not be so 
great that any tension is then left. With 
that provision, the whole of the work 
done on the muscle disappears; it must 
have gone into the muscle, for there 
is nowhere else it could go. Either it 
has been dissipated as heat and is added 
to the heat produced by the muscle 
itself, or it has been absorbed in some 
other form. Now here is the striking 
fact that emerges. In a good proportion 
of all the experiments made, the heat 
found in the muscle in the end was no 
greater than the work put into it. The 
muscle itself apparently had produced 
no heat at all of its own, although it had 
resisted the stretch very strongly. One 
might think that the very act of stretch- 
ing the muscle somehow prevented the 
normal chemical processes of activity 
from occurring. That is certainly not 
so, for the muscle may produce a large 
part of its normal heat before the 
stretch begins. The only possibility is 
that the chemical reactions (which cer- 
tainly started, as is shown by the normal 


early heat production) were totally re- 
versed. In the whole process, from 
start to finish. the muscle liberated no 
energy at all; the heat observed was 
merely degraded work. 

This is what happened in a good 
proportion of the experiments; in the 
rest the heat was slightly greater than 
the work, but much less than it would 
have been had the work been added to 
the normal heat production of the 
muscle. The reversal of chemical proc- 
esses, though substantial, was not quite 
complete. With smaller stretches, of less 
than 10 percent, the heat is always 
greater than the work; the degree of re- 
versal depends on the amount of stretch 
—that is, really on the amount of work 
applied. One striking result was that, 
within the limits of experimental error, 
the heat was never less than the work; 
this means that the chemical reversal 
never overshot its original mark. Such 
an overshoot might possibly have oc- 
curred, for the muscles were not fully 
recovered from previous contractions 
and there must always have been chemi- 
cal substances at large which could con- 
ceivably have been resynthesized. A 
stretch, therefore, cannot reverse any 
chemical reaction except that of the 
actual contraction during which the 
stretch was applied. 


Time Course of Heat Minus Work 


This was all very odd and required 
closer analysis of when and how it hap- 
pened. Fortunately the means for that 
analysis were at hand, for the instru- 
ments are capable of yielding a true 
picture of the course of the heat produc- 
tion throughout a contraction, and that, 
when it is compared with the mechan- 
ical events, throws much light on the 
matter. 

Figure 1 (upper half) gives three 
curves obtained from a muscle stretched 
3 millimeters during a single twitch; the 
stretch started early and continued till 
360 milliseconds after the shock. These 
experiments were all made with toad 
sartorius muscles at O0°C, and in an 
isometric twitch the maximum tension 
is reached in 0.4 or 0.5 second. Curve 
A is the tension (P), which drops 
rapidly at first when the stretch ends. 
Curve B is the heat (H) liberated in 
the muscle, as obtained by analysis from 
the records. Curve C is the work (W) 
done by the ergometer. This is a good 
example of a contraction with stretch in 
which the heat converges to the same 
value as the applied work, so that in 
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Curves fer tension, heat, work, and the difference between heat and work during 


a 3-mm stretch of a muscle stimulated at time zero (single shock, toad sartorius, 0°C). 
Curve A: tension (P); curve B: heat (H); curve C: work (W) done by the ergometer; 
curve D, difference between heat and work (H — W); curve E, difference between heat 
and net. work (H — W,), where Wy is the difference between work W and elastic energy 
muscle and connections. 
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Net energy liberated by muscle in isometric contraction (curve A) and in con- 
tractions with stretch (curves B and C). For curve A the ordinate is (H + E); for 
curves B and C, it is (H + E — W). The stretches began at the arrow that points up 
and ended at the arrows that point down. Curve b (broken line) shows the calculated 
extension of the contractile component of the stretch shown in curve B. Toad sartorius, 


tetanus, 0°C. 
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the complete process the muscle really 
liberated no energy at all. Now look at 
the lower half of the figure. Curve D 
is the difference between heat and work 
(H — W). As a first approximation 
this could be taken as the net energy 
liberated by the muscle. The astonishing 
result appears that the net energy rapidly 
becomes negative after the stretch be- 
gins, changes direction when the stretch 
ends, and then slowly returns to zero 
at the end of relaxation.. 

Such a strange result had to be re- 
garded very critically. One obvious cor- 
rection had to be made, due to the fact 
that, except at the very end, not all the 
work had gone into the contractile com- 
ponent of the muscle—some of it re- 
mained, until relaxation was complete, 
as elastic energy in the series elastic 
component and in the connecting chain. 
The elastic energy (E) could be cal- 
culated from the tension, and so the 
net work (W,,) could be obtained by 
subtracting the elastic energy from the 
work (W, = W — E). Curve E is the 
result of subtracting the net work from 
the heat (H — W,,); this gives the net 
energy liberated by the muscle. The 
negative phase is reduced but by no 
means abolished; clearly it has to be 
taken seriously. 

Figure 2 gives the results of three 
contractions in another experiment with 
a short tetanus. Here the stretch did not 
start very early, and a good deal of the 
normal heat production had occurred 
before it began. The ordinate in this 
case is the net energy liberated by the 
muscle. For the isometric contraction, 
this is the sum of heat and elastic energy 
(H + E); for the stretches it is the 
sum of heat and elastic energy, less 
work (H + E — W). Two stretches 
were applied, one quicker than the 
other, ending at the downward-pointing 
arrows. Exactly the same phenomenon 
is observed: soon after the stretch be- 
gins the curve of net energy turns 
around and passes through a long nega- 
tive phase, finally becoming zero at the 
end of relaxation. 

Figure 2 contains one effect (curve 
b) not hitherto referred to, the stretch 
of the contractile component. This can 
be derived from the tension by means 
of the data from which the elastic en- 
ergy is derived. From the actual stretch 
indicated by the ergometer the cal- 
culated extension of the elastic elements 
is subtracted, and the difference is the 
stretch of the contractile component. 
When the stretch begins, as soon as the 
tension exceeds the maximum force that 
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the muscle can bear, the contractile 
component begins to be extended. It 
is during the forcible lengthening of the 
contractile component that all these 
interesting things happen. Curve b cor- 
responds to stretch B; one can see that 
the rate of extension of the contractile 
component rapidly falls when the 
stretch ends. But the tension is still 
high, and the extension continues to the 
end of relaxation. 

Figure 3 shows another experiment, 
a 15-percent stretch during a longer 
tetanus. Here the stimulus long out- 
lasted the stretch, so the total heat 
greatly exceeded the work: the curve 
of net energy rose rapidly as soon as 
the stretch ended and went on rising as 
long as the stimulus continued. Curve A 
shows the tension before, during and 
after the stretch; curve B shows the 
energy liberated by the muscle, as the 
sum of heat and elastic energy (H + BE), 
in an isometric contraction; curve C 
shows the net energy liberated by the 
muscle during a stretch—that is, the 
sum of heat and energy, less work 


(mm) 
[—} bn > 


(H + E — W). A large amount of 
energy had been liberated normally by 
the time the stretch began. Then the 
net energy rapidly fell, became negative 
for a short time, then rose quickly as 
the stimulus continued after the stretch 
ended. At the top the change in length 
of the contractile component is shown, 
before, during, and after the stretch. 

Such experiments left no doubt that 
an absorption of energy occurs during 
the extension of the contractile com- 
ponent. This extension lasts longer than 
the applied stretch, for the stretch pro- 
duces a high tension in the elastic ele- 
ments which go on extending the con- 
tractile component right to the end of 
relaxation. But a puzzling dilemma 
remained. When total quantities in the 
whole cycle of contraction and relaxa- 
tion are considered, the net energy pro- 
duced by a muscle was never negative. 
How could it be so obviously negative 
throughout a large part of the process? 
No simple expianation seemed possible, 
but the dilemma was resolved in an 
unexpected way. 
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Fig. 3. Net energy liberated by muscle in isometric contraction (curve B) and in con- 


traction with 4-mm stretch (curve C). For curve B, the ordinate is (H + E); for curve 
C, it is (H + E — W). Curve A shows tension (P) before, during, and after the stretch. 
Curve D shows the calculated change of length of the contractile component before, 
during, and after the stretch. The duration of the stretch is indicated by arrows. Toad 


sartorius, 1-sec stimulus, 0°C. 
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Thermoelastic Effect 


It has been known for more than a 
century that when a tension is applied 
to a rod or wire, the temperature of the 
rod or wire falls; when the tension is 
removed the temperature rises again. 
The heat absorbed, or produced, can 
be calculated, in mechanical units, from 
the coefficient a of thermal expansion 
of the material, by the expression 


aTIlAP 


Here T is absolute temperature, / is 
length, and AP is change of tension. 
In materials like thermosetting plastics, 
which are more like an active muscle 
than metal wires are, the value of a 
is large. The phenomenon occurs uni- 
versally and in an analogous form is 
found in liquids. It is absent only if 
the coefficient of thermal expansion is 
zero, a rare and special case. 

If this so-called “thermoelastic” effect 
occurred also in the filaments of active 
muscle, and if they had a value of a 
similar to that of thermosetting plastics, 
then the whole difficulty would be 
cleared up. During the phase of rising 
tension there would be a “thermoelastic” 
absorption of heat, of purely physical 
origin, which would neutralize some of 
the heat derived from physiological and 
chemical processes, so the real physio- 
logical heat would be greater by that 
amount. Conversely, during the phase 
of falling tension there would be a 
purely physical production of heat, 
which would add to the heat produced 
by chemical processes, so during this 
phase the real physiological heat pro- 
duction would be less. Now it happens 
that in 1953 I came upon a phenomenon 
of just this kind (7), which is illus- 
trated in Fig. 4. The lower curve shows 
the mechanical effect of a sudden short 
release applied near the maximum ten- 
sion of a twitch; the upper curve shows 
the immediate rise of temperature. This 
sort of experiment was made in a 
variety of ways, and the final conclusion 
was embodied in the formula 


AQ = 0.018 I, (— AP) 


where AQ is the heat produced, —AP 
is the fall of tension, and /, is the stand- 
ard length of the muscle. This formula 
is the same as that referred to above 
for the thermoelastic effect in solids, if 
aT is 0.018; it gives a value of a about 
the same as that for ebonite. 

The application of this result to the 
present experiments was made by add- 
ing Q in the formula to H, the observed 
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heat; QO was calculated from the ob- 
served tension. Figure 5 shows the same 
experiment as Fig. 2, but Q, the thermo- 
elastic heat, has been added to the 
observed heat throughout. The same 
downward movement of the curves of 
net energy is found as before—that is, 
energy is still absorbed by the muscle 
during a stretch, but the net energy 
never becomes negative, and the diffi- 
culty has disappeared. 











This is not the place to go further 
into the thermoelastic effect, or to 
justify its use on other grounds, other 
than to add that its application gives a 
greatly simplified picture of the energy 
liberated during the course of an iso- 
metric contraction. The introduction of 
the thermoelastic heat has no effect on 
total quantities, since P (and therefore 
Q) is zero at the beginning and end of 
contraction. 
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Fig. 4. Heat and tension in isometric twitch of frog sartorius muscle at 0°C, released 


0.6 mm in 8 msec, 0.23 sec after the shock. 
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Fig. 5. Effect of a 4-mm stretch on the net energy liberated by a muscle during 


and after a short tetanus (0.3 sec). The experiment is the same as that illustrated in 
Fig. 2, but account is taken of the “thermoelastic” heat absorption associated with a rise 


of tension. Curve A, isometric contraction; 


ordinate: H + E + 0.018/P. Curves B and 


C, contraction with stretches starting and ending at the arrows; ordinate: H + E + 
0.018/P —W. h, standard length of the muscle. 
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Mechanism of Reversal 


One naturally asks, what is the 
actual mechanism by which the reversal 
of a chemical process is effected by 
stretching a contracting muscle? Be- 
yond demonstrating the fact itself, these 
experiments throw no light on the 
mechanism: for that purpose, experi- 
ments of quite a different kind are 
required. The great strength of thermo- 
dynamics is that the results are inde- 
pendent of the molecular mechanism, 
but one cannot have it both ways or 
use thermodynamic results to throw 
light on the mechanism. It is tempting 
to speculate, in terms of current theories 
of contraction (8), on how mechanical 
work is derived from chemical free 
energy when filaments creep along one 
another, and on how chemical free en- 
ergy is restored when the filaments are 
forcibly drawn apart. But if I were to 
mention the words actin, myosin, and 
adenosine triphosphate, attention might 
be drawn away from the facts under 
discussion, which would be rather a 
pity, for they are facts and have to be 
explained by any theory of muscle con- 
traction. 

The chief scientific interest of these 
results lies in the fact that a biochemical 
process, in a living muscle cell, can be 
reversed by the application of external 
mechanical work. But they do not allow 
any expectation that energy can be 
stored in this way, for there is no 
evidence that the reversal can ever be 
more than 100 percent complete—that 
is, that chemical substances other than 
those produced in the contraction itself 
can be reinstated. 


Application to Man 


There is, however, another aspect of 
these results to be considered—the bear- 
ing they have on the physiology of 
muscular work in. human beings. It is 
always interesting to try to find out how 
far the results obtained on isolated living 
material can be reproduced in the intact 
animal, particularly on the best of all 
experimental animals, man. It is scarcely 
conceivable that so large and obvious 
an effect, once recognized, should not 
appear again in human muscles, when 
those are doing “negative” muscular 
work, as in lowering a weight or going 
down hill. This is not an unimportant 
matter, for lowering weights, or the 
body, is a common affair, and indeed 
the whole muscular system is guided 
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and balanced all the time by an arrange- 
ment of antagonist muscles, one of 
which lengthens under tension whenever 
the other shortens. 

Soon after the work of 1951 was 
finished, an attempt was made by three 
of my colleagues (9) to see how the 
physiological expense of “negative” 
work in man compares with that of 
ordinary positive work. At that time 
research workers were not so certain as 
they are now that stretching a muscle 
during contraction can cause a reversal 
of chemical processes, and they were 
more cautious in interpreting what they 
found than they would need to be 
today. Their results, indeed, were quite 
unexpectedly large and were certainly 


due in part to the fact that the force 


exerted by a muscle while it is being 
stretched is much greater than the force 
exerted while it is shortening at the 
same speed, so a smaller number of 
muscle units could be employed for a 
given force. But that is probably not 
the whole story, and the partial reversal 
of chemical reactions probably plays a 
substantial part. That possibility should 


be examined critically in further experi- 
ments on man. 

The original experiments were enter- 
taining ones to make, or to watch. Two 
bicycles were arranged in opposition; 
one subject pedaled forward, the other 
resisted by back-pedaling. The speed 
had to be the same for both, and (apart 
from minor loss through friction) the 
forces exerted were the same. All the 
work done by one subject was absorbed 
by the other; there was no other signifi- 
cant resistance. The main result was 
evident at once, without analysis: the 
subject pedaling forward became fa- 
tigued, while the other remained fresh. 
The rate of working was varied, and the 
physiological effort was measured by 
determining the rate of oxygen con- 
sumption. It was found that the slopes 
of the lines relating oxygen usage to 
rate of working differed greatly between 
positive and negative work. The experi- 
ment was shown in 1952 at a conver- 
sazione of the Royal Society in London 
and was enthusiastically received, par- 
ticularly because a young lady doing 
the negative work was able quickly, 


Investigations of Natural 


Environmental Radiation 


A profile of external dose rates, cosmic and terrestrial, 
has been obtained with ionization chambers. 


Leonard R. Solon, Wayne M. Lowder, 
Arthur Shambon, Hanson Blatz 


We have reported previously the re- 
sults of external environmental meas- 
urements made during the summer of 
1957 by members of the United States 
Atomic Energy Commission’s Health 
and Safety Laboratory (J). The pur- 
pose of these measurements was to 
establish the approximate range of pop- 
ulation exposures to penetrating cosmic 
and terrestrial gamma radiation; ex- 


25 MARCH 1960 


posure to terrestrial beta radiation was 
excluded. 

In the present article are summarized 
further measurements made in_ the 
eastern United States and in New Eng- 
land, and a series of measurements 
made in Western Europe. In addition, 
cosmic radiation ionization intensities 
as a function of altitude have been 
obtained by several series of measure- 


without much effort, to reduce a young 
man doing the positive work to ex- 
haustion. It is evident now that further 
investigation is necessary. But however 
much, or little, the results of stretching 
isolated muscles may explain the find- 
ings in studies of negative work in man, 
it is interesting to see how the experi- 
ments on man arose directly from those 
on toads. The moral is, if you have a 
bright idea, try it and see; the result 
may be much more amusing than you 
expected. 
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ments made in an airplane. By sub- 
tracting the cosmic radiation compo- 
nent from the observed total radiation, 
estimates of the terrestrial radiation 
dose rates alone have been derived. 

Since ground measurements were 
made in an automobile, an average 
attenuation factor for terrestrial radia- 
tion by the automobile has been deter- 
mined experimentally, and all observa- 
tions, including those presented in the 
earlier reports, have been corrected 
correspondingly. 

Also reported are measurements 
made in single-family and multiple- 
family dwellings in the metropolitan 
New York area, including three bor- 
oughs of New York City, nearby Long 
Island, and Westchester County. 

The ionization chamber used in the 
measurements has been described in 
detail elsewhere (2). This chamber has 
a gas volume of 20 liters and is filled 
with air at atmospheric pressure. Ioni- 
zation current is measured with a 
vibrating-reed electrometer, connected 
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Table 1. Cosmic-ray ionization intensity as a 
function of altitude. 








Altitude Radiation intensity 
(ft) (ur /hr) 

Sea Level 3.8 
500 4.1 
1,000 4.5 
2,000 5:2 
3,000 6.0 
4,000 6.9 
5,000 7.9 
6,000 9.0 
8,000 11.7 
10,000 14.8 
12,000 18.5 
14,000 22.8 
16,000 277 





as a continuously reading voltmeter, 
driving a pen recorder. It is estimated 
that the over-all accuracy of a single 
observation is correct to about 1 micro- 
roentgen per hour. 

To shield completely against beta 
radiation, the chamber is mounted in 
an aluminum container such that, in- 
cluding the polyethylene wall, the gas 
volume is enclosed by 1.08 g of mate- 
rial per square centimeter; this corre- 
sponds to the Feather range of a 2.26- 
Mev beta particle. 





Cosmic Radiation 


For measurement of the cosmic 
radiation dose rate, the instrument was 
flown between altitudes of 4000 and 
17,000 feet in a C-47 airplane furnished 
by the U.S. Air Force. Measurements 
were made over land and water. As 
one might expect, no difference was 
detected between measurements made 
over land and over water, the attenua- 
tion of terrestrial radiation at an alti- 
tude of 4000 feet being greater than a 
factor of 10° (3). 

The results of the airplane measure- 
ments are shown in Fig. 1. A simple 
exponential, with the radiation level as 
ordinate and barometric pressure as the 
abscissa, has been fitted to the data. 

The method of least squares fur- 
nishes the equation, 


log Cp = 2.4595 — 0.0627 (+ 0.0018) P 
(1) 


where Cp is the measured radiation 
level inside the plane in microroentgens 
per hour and P is the barometric pres- 
sure in inches of mercury. The error 
indicated is the standard deviation of 
the regression coefficient. 
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Fig. 1. Measurements of cosmic radiation ionization intensity made inside a C-47. 
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From the standard atmospheric pres- 
sure-altitude relationship (4) and the 
above equation, the approximate cos- 
mic-ray dose rates at different altitudes 
in the latitude of New York were deter- 
mined; they are listed in Table 1. 

The sea-level value was estimated 
by extrapolation of the airplane data 
to the corresponding pressure (P = 
29.92 in.-Hg). The resulting value of 
3.8 ur/hr for the cosmic-ray ionization 
intensity at sea level is comparable to 
values obtained by other investigators. 
Neher (5) and Hess (6) obtained values 
of 4.7 and 3.4 wyr/hr, respectively. 
Burch (7) carefully reviewed the earlier 
experimental work in arriving at his 
estimate of 3.1 pr/hr for the ionization 
intensity at sea level, and concluded 
that the discrepancies cannot be re- 
garded as altogether resolved. Further 
measurements of this important dosi- 
metric parameter would be useful. 


Outdoor Environmental Radiation 
Measurements in the United States 


An experimental determination, based 
on observations in about 20 different 
locations of varying backgrounds in 
New York City, indicates that the 
terrestrial radiation as measured by the 
ionization chamber mounted inside the 
automobile is 0.77 + 0.02 (standard 
deviation) of the outdoor intensity. 

The first series of measurements 
made in an automobile—made during 
August 1957 (/)—are summarized 
here, corrected for attenuation of the 
terrestrial radiation component by the 
automobile. Measurements made in the 
New England states in May 1958 and 
in the southeastern states in August 
1958 have been corrected similarly. 

A portable scintillation detector with 
a sodium iodide phosphor was used for 
scanning purposes at locations inacces- 
sible to the automobile. This detector 
was also turned on and observed con- 
tinuously in the automobile between 
points of measurement. The detector, 
though not capable of reading absolute 
dose rate, can measure a change in 
radiation level of about 0.4 pr/hr. 

In all the measurements throughout 
the United States, an effort was made 
to obtain results which would be repre- 
sentative of the unperturbed natural 
background, affected as little as possible 
by the occasional substantial variation 
in the observed natural radiation levels 
produced by localized sources (for ex- 
ample, by granite buildings, brick pav- 
ing, and fallout). 
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In Table 2 are summarized the meas- 
urements for major cities in the United 
States, including the range of total 
radiation levels encountered and an 
estimate of the mean annual dose (8). 

Most of the readings taken in the 
eastern United States are between 10 
and 15 pr/hr. Low radiation levels 
were found in New Haven, Connecti- 
cut; in the state of Vermont; and in 
the region north of Charleston, South 
Carolina. Relatively elevated levels 
were observed with the scintillation de- 
tector along U.S. highway 401 north- 
east of Raleigh, North Carolina, to the 
Virginia line. The highest reading 
found with the ionization chamber in 
the 1958 measurements, 19.7 pr/hr, 
was made on a dirt road off the afore- 
mentioned highway, 2 miles south of 
Louisburg, North Carolina. 

Measurements in 1957 were made 
during part of the period of Operation 
Plumbbob, that year’s series of United 
States continental weapon tests at the 
National Test Station in Nevada, and, 
as reported earlier, these tests in- 
fluenced certain of the measured values 
in an important way, particularly in 
eastern Arkansas and in the Black Hills 
of South Dakota. 

The measurements made during 
August 1958 were undertaken during 
part of the period of Operation Hard- 
tack, the series of United States weap- 
on tests at the Pacific proving ground. 
By comparing scintillation detector 
readings taken over patches of bare 
ground and grassy spots, it was inferred 
that nuclear debris had some influence 
on almost all of these observations. 
Where test fallout is present, the larger 
surface presented by patches of grass 
or weeds results in elevated readings as 
compared to readings for bare ground. 

In April 1959, 84 of the measure- 

ments were repeated as close to the 
original positions as possible in order 
to estimate the effects of fallout on the 
initial readings as well as to check the 
reproducibility of the data. Reductions 
in the readings were observed at almost 
all these locations and in some instances 
were considerable. In six locations the 
reductions were greater than 10 pr/hr, 
ranging up to 54 ur/hr in one Ar- 
kansas town. If these locations are 
excluded, the average reduction was 
about 2 ur/hr. These changes probably 
are due in large part to the radioactive 
decay and dispersion of fallout debris 
which affected the original measure- 
ments. 
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Table 2. Environmental radiation levels measured in principal United States cities. The number of 
observations for each range is shown in parentheses. Elevated radiation levels produced by localized 


sources are shown in the last column. 











Range of Mean Caste Atypical 
City radiation annual radiation radiation levels 
levels dose (ur /hr) (ur /hr) 
(ur /hr) (mrad) 
New York, N.Y. 8.2-15.6 (19) 91 3.8 
Harrisburg, Pa. 11.3-14.3 (2) 104 4.0 
Pittsburgh Pa. 11.5-16.8 (3) 114 4.3 
Cleveland, Ohio 12.4-14.1 (2) 108 4.2 
Toledo, Ohio 10.1-11.8 (2) 89 4.1 18.1 (over granite 
paving stone) 
Chicago, IIl. 12.2-13.9 (4) 105 4.1 20.9 (adjacent to 
granite U.S. post 
office building) 
Madison, Wis. 11.8-12.2 (3) 98 4.3 
Minneapolis-St. Paul, Minn.  10.6—15.0 (4) 109 4.2 
Sioux Falls, S.D. 13.6—14.0 (2) 112 4.5 
Cheyenne, Wyo. 19.8-20.4 (2) 164 8.5 
Denver, Colo. 19.2-22.9 (9) 172 7.9 26.8 (between U.S. 
mint and city and 
county buildings) 
Colorado Springs, Colo. 22.5-26.4 (4) 197 8.7 
Grand Junction, Colo. 18.2-20.8 (3) 159 y 
Albuquerque, N.M. 15.7-16.5 (4) 132 7.5 
Amarillo, Tex. 14.9-15.8 (4) 126 6.4 
Oklahoma City, Okla. 11.5-12.3 (4) 99 4.6 
Tulsa, Okla. 12.8-13.9 (4) 109 4.2 
Little Rock, Ark. 15.5-16.1 (2) 129 3.9 
Memphis, Tenn. 11.0—13.2 (2) 99 3.9 16.2 (near brick 
apartment house) 
Chattanooga, Tenn. 13.2-14.8 (2) 114 4.0 18.0 (near brick- 
faced motel units) 
19.7 (on narrow 
business street) 
Bridgeport, Conn. 10.8-13.8 (2) 100 3.8 
New Haven, Conn. 8.7- 9.1 (2) 73 3.8 
Hartford, Conn. 11.9 (2) 97 3.8 
Springfield, Mass. 12.9-13.9 (2) 109 3.8 
Worcester, Mass. 14.0-16.4 (2) 124 4.0 
Providence, R.I. 11.1-13.8 (2) 101 3.8 
Boston, Mass. 11.0-14.3 (4) 103 3.8 
Portland, Me. 12.5-13.5 (3) 106 3.8 
Philadelphia, Pa. 11.7-12.5 (3) 99 3.8 
Baltimore, Md. 9.0-12.1 (3) 86 3.9 
Washington, D.C. 11.1-13.3 (3) 99 3.9 
Lynchburg, Va. 12.4-15.4 (2) 113 4.2 
Winston-Salem, N.C. 12.9-14.7 (2) 112 4.3 
Charlotte, N.C. 10.6 (2) 86 4.1 
Columbia, S.C. 15.0-15.2 (2) 123 3.9 
Charleston, S.C. 13.5-14.5 (3) 114 3.7 
Raleigh, N.C. 12.1-13.5 (2) 108 4.0 
Richmond, Va. 9.8-11.1 (3) 85 3.9 





Table 3. Radiation levels in dwellings in the metropolitan New York area. The number of observa- 
tions for each range is shown in parentheses. 





Construction and location 


Radiation levels (ur /hr) 











Indoors Outdoors 
Apartments 
Second floor, brick private dwelling, Bronx 10.2-12.3 (6) 12.4 
Third floor, brick apartment house, Manhattan 9.9-12.0 (6) 10.9 
Fourth floor, brick apartment house, Bronx 10.4—10.8 (2) 
First floor, brick apartment house, Manhattan 9.6—11.0 (2) 10.7 
Third floor, brick apartment house, Manhattan 11.9-13.5 (2) 
Fourth floor, brick apartment house, Manhattan 9.0— 9.3 (2) 9.5 
One-family dwellings, Long Island ‘ 
Ranch type, cedar shingle, concrete basement; Roslyn 7.4— 9.2 (13) 8.4 (concrete patio) 
Split level, cedar siding, concrete basement; East Norwich 8.0— 9.1 (12) 11.8 5 ft from brick 
wa 

Two-story contemporary, brick veneer, glass, cypress 

siding; Sea Cliff 8.5— 9.4 (4) 10.9 : 
Two-story, stone; Freeport 9.6-11.2 (5) 11.0 (50 ft in front 


One-family dwellings, Staten Island 


Native serpentine stone, Radcliff Road 
Stone, Bard and Forest Aves. 
Westchester granite veneer, Beacon Ave. 


7.3— 8.7 (4) 
6.5— 7.5 (4) 
6.7— 9.8 (4) 


One-family dwellings, Westchester County 
Three-story dolomite and sandstone, New Rochelle 


Wood frame, Pelham 
Wood frame, Pelham 
Wood frame, New Rochelle 


12.0-13.8 (5) 
7.3-12.9 (5) 
8.7-11.3 (3) 

10.1-11.0 (2) 


of house) 
13.8 (9 ft in front of 
house) 


10.6 
11.4 
9.8 


13.6 
12.1 
13.0 
13.8 











Environmental Radiation 
Measurements in Houses 


Seventeen single-family and multiple- 
family dwellings in the metropolitan 
New York area, including three bor- 
oughs of New York City, nearby Long 
Island, and Westchester County, also 
have been investigated. The apparatus 
used was essentially the same as that 
used for the outdoor measurements, 
except that the ionization current was 
measured with a Cambridge Linde- 
mann-Ryerson quadrant electrometer 
rather than with a vibrating-reed elec- 
trometer. 

A summary of these measurements is 
shown in Table 3. The general con- 


clusion that may be reached is that the 
radiation level inside houses in this area, 
essentially irrespective of construction 
materials, is generally somewhat lower 
than, but not very different from, the 
outdoor level in the same location. 


Measurements in Western Europe 


A 20-liter ionization apparatus which 
had been exhibited at the second Inter- 
national Conference on the Peaceful 
Uses of Atomic Energy was taken to 
Radiofysika Institut in Stockholm, 
Sweden, by one of us (H. B.) for com- 
parison with the environmental radia- 
tion equipment of Rolf Sievert’s labora- 


Table 4. Radiation measurements in Western Europe, September 1958. 





Location 


Radiation (ur /hr) 








Notes 
Cosmic | Terrestrial Total 

Geneva, Switzerland 4.6 6.9 11.5 Airport 

Geneva, Switzerland 4.6 9.0 13.6 Near Cathedral of St. 
Pierre 

Geneva, Switzerland 4.6 8.1 iz.7 Residential area 

Montreux, Switzerland 4.6 9.0 13.6 Center of town 

Offenburg, Germany 4.1 11.6 15.7 Center of town; block 
pavement 

Heidelberg, Germany 4.0 11.8 15.8 Business district 

Cologne, Germany 4.0 8.3 12.3 Near cathedral 

Wesel, Germany 3.9 10.4 14.3 Center of town 

Delft, Netherlands 3.9 10.0 13.9 Center of town; brick 
pavement 

Leeuwarden, Netherlands 3.8 9.2 13.0 Center of town; brick 
roadway 

Hamburg, Germany 3.8 9.9 13.7 Business district 

Schleswig, Germany Ef 12.4 16.1 Center of town; Bel- 
gian block pavement 

Nyborg, Denmark 8:7 9.9 13.6 Off highway 

Granna, Sweden 4.4 12.1 16.5 Off highway 

Nykoping, Sweden 3.9 19.1 23.0 Center of town 

Stockholm, Sweden 3.9 13.4 17.3 Business district 

Stockholm, Sweden 3.9 19.5 23.4 Residential area; stone 


paving blocks 
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tory (9). En route between Geneva and 
Stockholm, a number of measurements 
were made. Some of these observations 
were made over granite paving blocks 
or near granite buildings, which pre- 
sumably produced somewhat higher 
readings than would have been obtained 
over unpaved or more open areas. 

A tabulation of these measurements 
is given in Table 4. In general, the 
radiation levels observed are similar to 
measurements made at corresponding 
altitudes in the United States. The 
four measurements made in Sweden 
are consistent with the published work 
of Sievert (70). 
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Leo Loeb, Experimental 


Pathologist and Humanitarian 


The year 1959 was celebrated by 
pathologists the world over as the cen- 
tennial of the founding of cellular pa- 
thology by Rudolf Virchow. The end of 
the past year (28 December) also wit- 
nessed the passing of Leo Loeb, whose 
scientific accomplishments played a 
large role in establishing experimental 
pathology as an important segment of 
the total discipline of pathology. In its 
earliest period pathology, along with 
certain other medical sciences, was 
largely descriptive and served to cor- 


‘relate the gross and microscopic charac- 


teristics of disease with clinical symp- 
toms and to offer a rational basis for 
therapy. It soon became evident, how- 
ever, that only by the experimental 
approach would it be possible to estab- 
lish with certainty that the conclusions 
drawn from the descriptive pathological 
anatomy were valid. Such reasoning 
provided the motivating force which 
led to the establishment of experimental 
pathology shortly before the turn of 
the century, when Leo Loeb began his 
scientific career. 

The accomplishments of a man are 
inevitably compared not only with those 
of his contemporaries but also with 
those of his predecessors. In this in- 
stance, Loeb lived and worked not only 
during the “Golden Age” of the medical 
renaissance but also well into the pres- 
ent period, which has seen massive 
structures erected on the foundations 
established during the earlier era. His 
work, as recorded in well over 400 
articles, monographs, and _ volumes, 
establishes him as a giant of both pe- 
riods. His name belongs in the “Hall of 
Fame” of pathology besides the names 
of Virchow, Rokitansky, Aschoff, Cohn- 
heim, Ribbert, Wells, Welch, MacCal- 
lum, Hektoen, and Flexner of the first 
period, and along with those of Wohl- 
bach, Opie, Goodpasture, Oliver, Ewing, 
Councilman, Karsner, Bell, and Winter- 
nitz of more modern times and the 
present day. 


25 MARCH 1960 





Loeb was born on 21 September 
1869, in Mayen, Germany, when Vir- 
chow was 48 years of age. He studied 
natural sciences and medicine at the 
universities of Heidelberg, Berlin, Frei- 
burg, Edinburgh, London, and Zurich, 
in accordance with the custom of the 
period of studying at various universi- 
ties in order to work under various 
prominent men. He received the M.D. 
degree from the University of Zurich, 
and for his medical thesis, which was 
required before he could practice med- 
icine, he chose to carry out experiments 
in the pathological institute of Hugo 
Ribbert. Here he carried out his first 
studies on transplantation, observing 
the movement of chromatophores and 
pigmented epithelium that followed the 
transplantation of black skin into de- 
fects in white skin, and vice versa, in 
the guinea pig. 

Shortly after completion of this 
thesis he came to the United States, in 
1897, because he did not approve of the 
prevailing nationalism and militarism 
in Germany. He went to Chicago, where 
his brother, Jacques Loeb, had recently 
been appointed professor of physiology 
at the University of Chicago, and set 





Leo Loeb 





up practice near the university. During 
this period he continued his research, in 
a rented room behind a drugstore. His 
first academic position was as adjunct 
professor of pathology at the medical 
school which later became the medical 
school of the University of Illinois. 
Later he spent several months in the 
department of pathology of the Johns 
Hopkins School of Medicine, at a time 
when Welch and Flexner were active. 
He subsequently spent a year as a re- 
search fellow at McGill University and 
then went to the University of Penn- 
sylvania as assistant professor of ex- 
perimental pathology. He remained at 
Pennsylvania from 1903 to 1910, when 
he accepted a position as director of 
research at the Barnard Skin and Can- 
cer Hospital in St. Louis. In 1915 he 
became professor of comparative pa- 
thology at Washington University 
School of Medicine, and in 1924, at the 
age of 55, he succeeded Eugene Opie as 
professor and chairman of the depart- 
ment of pathology. He remained active 
in this position until 1937, when he 
became emeritus professor of pathol- 
ogy, and he continued active in research 
until 1941. From then on until his 
death he continued to work at home, 
gathering material for two books, one 
on cancer and the other, a philosophical 
work, on some general problems of 
human life. 

In 1922 he married Georgiana Sand, 
who had studied medicine at Johns 
Hopkins and had served as an interne 
under Osler. Their more than 37 years 
of married life were happy ones. Mrs. 
Loeb was very much interested in the 
scientific activities of her husband, ad- 
vising him in his work and assisting in 
the editing of his publications. They 
spent their summers at Woods Hole, 
Massachusetts, where Loeb was able 
to combine work and pleasant relaxa- 
tion, away from the heat of St. Louis. 

Many interesting anecdotes of Loeb’s 
life are told in his autobiographical 
notes, published in Perspectives in 
Biology and Medicine in 1958 and writ- 
ten at the request of the editors. With 
characteristic shyness, modesty, and 
humility, his own evaluation of his 
scientific accomplishments in this article 
hardly does justice to their significance. 
His earliest studies on wound healing 
and the movement of epithelial cells 
through the blood clot covering the 
wound led to work on the cultivation 
of tissues in clots in test tubes. Thus 
he became one of the pioneer investi- 
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gators in the field of tissue culture. 
These early studies also stimulated 
studies on blood coagulation and the 
demonstration of tissue factors involved 
in this phenomenon, including tissue 
fibrinolysins; concomitant investigations 
were carried out on the movement and 
migration of cells and on the coagula- 
tion of protoplasm in various inverte- 
brates and vertebrates. Loeb ventured 
into an unrelated field and became in- 
terested in the effects of the venom of 
Heloderma; the results of this work 
were published in a separate volume by 
the Carnegie Institution in Washington, 
in 1913. His work on edema was pub- 
lished in a separate monograph in 1923 
and was the forerunner of present-day 
work on inflammation. 

A large part of Loeb’s scientific life 
was spent in studying growth and trans- 
plantation—work which probably also 
stemmed from his initial interest in 
wound healing and tissue culture. In 
successfully transplanting tumors he 
became the originator of a technique 
which has served investigators in the 
field of oncological research to the 
present day and has led to much of our 
knowledge about cancer. His studies on 
the fate of a tumor transplanted into 
hosts bearing spontaneous tumors or 
an initial tumor transplant constituted 
one of the earliest demonstrations of 
immune processes against tumor cells. 
For a time he also worked in the field 
of cancer chemotherapy, testing the 
effects of colloidal copper, hirudin, and 
other substances on cancer cells. 

He was intensely interested in the 
influence of hormones on growth proc- 
esses. In this connection he worked 
out the cyclic changes in the ovaries 
and mammary glands and their regula- 
tion by the anterior hypophysis. He in- 
vestigated the responses of the endome- 
trium to ovarian hormones, including 
the development of placentomata by a 
combination of corpus luteum hormone 
and local mechanical stimulus. He also 
demonstrated factors which regulate 
the life of the corpus luteum. A by- 
product of these studies on the ovary 
was the discovery of the phenomenon 
of parthenogenesis in the guinea-pig 
ovary. The recognition of the regula- 
tory role of the anterior hypophysis led 
to the demonstration of the relation 
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between the thyroid and pituitary, in 
which Loeb was able to demonstrate 
the role of thyroid-stimulating hormone 
in the development of hyperthyroidism 
and exophthalmos. The phenomenon of 
compensatory hypertrophy of endocrine 
glands and the influence of nutritional 
factors on endocrine activity also occu- 
pied his interest for a time. Much of 
this work was instrumental in establish- 
ing the nature of homeostatic mechan- 
isms operative in the endocrine system. 
His work on experimental myocarditis 
and cardiac hypertrophy produced by 
adrenalin was a forerunner of present- 
day studies on alarm and stress phe- 
nomena. 

Probably Loeb’s most important con- 
tribution in the field of cancer was that 
dealing with the.interrelation of hered- 
itary and hormonal factors in the devel- 
opment of mammary cancer. His studies 
describing the progressive growth 
changes in the mammary gland leading 
to cancer have led to the present-day 
concept of malignancy with hormone 
dependency preceding the development 
of tumor autonomy, a concept which 
establishes the rationale for the present- 
day practice of performing a gonadec- 
tomy or hypophysectomy, or both, in 
the treatment of certain malignancies. 

There is presently much activity in 
the field of transplantation, and for this, 
Loeb is largely responsible. He first 
worked out the role of genetic constitu- 
tion in the determination of the fate of 
a transplant. He also studied the in- 
fluence of an initial graft on the fate 
of a second graft in the same host. The 
first type of experimentation led to his 
basic concept of the “individuality dif- 
ferential,” and the second, to a demon- 
stration of the role of immune proc- 
esses in the transplantation reaction. A 
by-product of these studies was the 
demonstration of the potential immor- 
tality of mammalian tissues, by suc- 
cessive homografts of the same trans- 
plant through a number of generations 
of hosts. The work on transplantation 
was published in a volume titled The 
Biological Basis of Individuality, pub- 
lished in 1941, and this should be re- 
quired reading for all investigators 
working in this field. 

These monumental contributions did 
not go without recognition during Loeb’s 


life. In 1935 he was awarded the Phil- 
lips memorial prize for the work on 
thyroid-pituitary relations. In the same 
year a lectureship was established in his 
honor at Washington University. In 
recognition of his work on hormones 
and aging processes he was invited to 
deliver a Harvey lecture in 1941. A 
special number of the A.M.A. Archives 
of Pathology was dedicated to him in 
1950, and a few years ago he received 
a medal from the City of Hope for his 
work on cancer research. He was 
elected president of the Association for 
Cancer Research in 1911, and of the 
American Association of Pathologists 
and Bacteriologists in 1914. 

While Loeb’s scientific accomplish- 
ments are well known, few people are 
familiar with his thoughts on “psychical 
factors in human life.” The latter ap- 
peared in print in brief form only, in 
his autobiographical notes. In the 
sphere of human psychical activity he 
described “hypnosuggestion,” a process 
part hypnotic and part suggestive, 
which is more or less automatic and 
dominates such things as learning, tra- 
dition, conversation, and fashion. He 
considered hypnosuggestion to be re- 
sponsible for imitation, conventionality, 
and even cruelty. At a higher level of 
mental activity he placed “reasoning 
thought,” which motivates our competi- 
tive struggle for material and psychical 
goods, and at a still higher level, phil- 
osophic and scientific thought, through 
which human beings identify their own 
interests with those of their fellow men. 
It is evident from his briefly published 
notes that his interest in psychical fac- 
tors was motivated by a desire to 
understand the deficiencies in human 
life and the compensatory reactions 
which are at the root of “man’s inhu- 
manity to man,” since it is only through 
the universal understanding of the basis 
of such deficiencies that man’s lot on 
this earth can be improved. Here we 
find the exemplification of Leo Loeb 
the philosopher and humanitarian, and 
gain insight into those values which 
motivated his life and which he has left 
as a legacy to be passed on to future 
generations. 

HERMAN T. BLUMENTHAL 
Institute of Experimental Pathology, 
Jewish Hospital, St. Louis, Missouri 
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Science in the News 


Food Additive Law Goes into 
Effect; Discussion Scheduled 


The controversial and _ confusing 
chemical additives amendment to the 
Federal Food, Drug, and Cosmetic Act, 
partly in effect for a year, became fully 
effective on 6 March. The amendment is 
the first food-law provision specifically 
to cover the flavors, nutrients, preserva- 
tives, and emulsifiers that are put into 
foods for various purposes. It also deals 
with traces of container linings, bits of 
food-processing machinery, and inks on 

"food packages that might get into foods 
accidentally. 

Much of the confusion associated 
with the amendment arises from un- 
certainty over (i) which of the more 
than 1000 chemicals now used in 
foods are under the jurisdiction of the 
new law, (ii) who is to assume respon- 
sibility for satisfying the government’s 
demands, and (iii) precisely how those 
demands are to be satisfied. As the law 
goes into force, only six chemicals have 
been formally classified by the Food 
and Drug Administration as food addi- 
tives. As such, they are subject to con- 
trol under the additives amendment. 

Some 500 other chemicals have been 
exempted from federal regulation, being 
“generally recognized as safe” by quali- 
fied experts. Another 155 have been 
proposed for this exempt status, but no 
decision on them has been made. 

As a recent New York Times article 
pointed out, this leaves hundreds of 
other chemicals in foods still unclas- 
sified. These are neither subject to Food 
and Drug regulation as food additives 
nor accepted as safe by the experts and 
thus exempt from the new regulation. 
The Food and Drug Administration 
could demand the withdrawal from the 
market of all: foods containing such 
chemicals; however, agency officials 
have indicated that no such action is 
contemplated, except possibly in a 
few cases where there is reason to ques- 
tion the harmlessness of the chemicals. 

Industry will be given a year in which 
to satisfy the laboratory-test require- 
ments of the new law with regard to the 


25 MARCH 1960 





unclassified chemicals. Because the nec- 
essary tests are so expensive, it is re- 
ported that competitors in some food 
and chemical industries have joined in 
cooperative research programs. 


President Asks for Clarification 


The seriousness of the food additive 
problem is indicated by a recent Presi- 
dential request for reports on “certain 
aspects of the use of chemicals and 
drugs as food additives” from scientists 
of three government agencies—the De- 
partment of Agriculture; the Depart- 
ment of Health, Education, and Welfare; 
and the Science Advisory Committee. 


Missouri Symposium Scheduled 


To help clarify the issue, a timely dis- 
cussion of food additives has been 
scheduled for 27 April at the University 
of Missouri. Is it dangerous to eat 
meat or poultry when the animals have 
been injected with certain hormones or 
antibiotics? Is it likely that anyone 
would have contracted cancer from 
eating cranberries sprayed with certain 
chemicals? What is the truth about some 
of the artificial coloring or flavoring 
used on food products for human con- 
sumption? 

These are just some of the questions 
which may be discussed at the sym- 
posium on additives and residues in 
human foods, which is sponsored by 
the university’s School of Medicine, and 
which is open to all interested persons. 
The meeting will bring together out- 
standing authorities to provide a com- 
plete background of information against 
which to weigh the controversies over 
possible contamination of foods by 
chemicals. The symposium will be di- 
rected by Thomas D. Luckey, profes- 
sor’ and chairman of the department of 
biochemistry in the School of Medicine. 

Speakers and their topics will include: 
H. R. Bird, professor of poultry hus- 
bandry at the University of Wisconsin, 
“Additives and Residues in Foods of 
Animal Origin”; Robert N. Goodman, 
associate professor of horticulture at 
the University of Missouri, “Additives 
and Residues in Foods of Plant Origin”; 





John F. MaHoney of Rahway, N.J., an 
official of Merck, Sharp and Dohme 
Chemicals, “The Manufacturer’s View- 
point of Additives and Residues”; Paul 
L. Day of Washington, D.C., scientific 
director of the U.S. Food and Drug Ad- 
ministration, “Government View of Ad- 
ditives and Residues”; and Julius M. 
Coon, professor of pharmacology at the 
Jefferson School of Medicine, Phila- 
delphia, Pa., “Medical View of Addi- 
tives and Residues.” 

Robert L. Jackson, professor and 
chairman of the department of pedi- 
atrics in the University of Missouri 
School of Medicine, will serve as mod- 
erator of the panel discussion. 





U.S.S.R. Sets Up Free University 
for the Developing Nations 


The Soviet Government has an- 
nounced that a Friendship of Nations 
University is being established in Mos- 
cow for Asian, African, and Latin- 
American students. A 4-year course will 
be offered by all faculties except that 
for medical science: The course in medi- 
cal science will require 5 years. 

In addition, the university will have 
a preparatory department offering train- 
ing of from 1 to 3 years for young 
people not yet ready to enroll in the 
university proper. Students in this de- 
partment will study the Russian 
language and general subjects required 
for enrollment in the university. The 
duration of the program for students in 
the preparatory department will be de- 
termined by the extent of their general 
education. 


Free Tuition, Maintenance, and Travel 


It is expected that 500 students will 
be enrolled in 1960, and that in sub- 
sequent years the enrollment will in- 
crease to 3000 or 4000. Tuition in the 
Friendship of Nations University will 
be free. All students will receive scholar- 
ships, free medical services, and dormi- 
tory accommodations. The students’ 
fares to Moscow and back will be paid 
by the university. The necessary text- 
books and study guides for the univer- 
sity students will be published in Rus- 
sian and in the respective languages of 
the nations of Asia, Africa, and Latin 
America. 

The Friendship of Nations University 
will be under the direction of a univer- 
sity council, which will consist of rep- 
resentatives of the Soviet Afro-Asian 
Solidarity Committee, the Union of 
Soviet Societies of Friendship and Cul- 
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tural Relations with Foreign Countries, 
the All-Union Central Council of Trade 
Unions, the U.S.S.R: Youth Organiza- 
tions Committee, and the U.S.S.R. Min- 
istry of Specialized Secondary and 
Higher Education. Prominent scientists 
of the countries of Asia, Africa, and 
Latin America, and of other countries, 
will be invited to teach at the university. 

The university will be open to can- 
didates of both sexes up to 35 years 
of age, irrespective of race or religion. 
Applications may be submitted through 
public organizations and government of- 
fices of the applicant’s country, through 
the embassy or consulates of the 
U.S.S.R. in that country, or directly to 
the university. 





International Help Asked 
To Save Congo Gorillas 


The mountain gorillas in the Belgian 
Congo’s Albert National Park—among 
the world’s rarest animals—are in 
danger of becoming extinct because of 
native incursions into the reservation 
area to graze cattle that eat the gorilla 
forage. In the Watusi tribe that lives in 
the area, a man’s social status is gov- 
erned by the number of cattle he owns. 
Because of a rapid population increase 
in recent years, the lands bordering the 
reservation are badly eroded from over- 
grazing, and flocks are being driven 
further into the park. 

The Belgian Congo National Parks 
Institute, Brussels, which administers 
Albert National Park for the Belgian 
Government, has heretofore protected 
the gorillas, of which there are about 
350. However, now that the Belgian 
Congo is to become independent on 30 
June, the institute no longer has the 
cooperation of the local authorities, who 
are disinclined to take action against 
trespassers. 


American Group Conducts Study 


Under institute patronage, an Ameri- 
can expedition has been studying the 
mountain gorillas for most of the past 
year. A member of the research team, 
George B. Schaller, reported a month 
ago that two large tracts of land in 
Albert Park have recently been returned 
unofficially to the natives. Schaller 
says: “Although the habitat appears to 
be still adequate for the support of the 
gorilla population, the animal will in 
the future not be able to survive if the 
present destruction by Watusi cattle 
continues. Watusi and their cattle ven- 
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ture far into the Congo side of the park. 
A visit into the area... in July 1959 
showed countless old cattle trails and 
huts over a mile into the Congo. More 
recently in December 1959 and January 
1960 several hundred cattle were noted 
from the Ruanda border as far as 4 
miles into the Congo.” 

On the basis of this report, Victor 
Van Straelen, president of the Congo 
Parks Institute, has written an appeal to 
Harold Coolidge of the National Acad- 
emy of Sciences—National Research 
Council, who is chairman of the Inter- 
national Committee on National Parks 
of the International Union for the Con- 
servation of Nature (Coolidge is execu- 
tive director of the Pacific Science Board 
of the academy). Van Straelen asks for 
vigorous international protest against 
the violation of the mountain gorilla 
sanctuary in Albert National Park. He 
says that there must be “concerted 
action if these anthropoids are to be 
saved.” 





Mathematics Board Formed 


The Conference Board of the Math- 
ematical Sciences was formally incor- 
porated in the District of Columbia 
on 29 February. The charter members 
are the American Mathematical Society, 
the Association for Symbolic Logic, the 
Institute of Mathematical Statistics, the 
Mathematical Association of America, 
the National Council of Teachers, of 
Mathematics, and the Society for In- 
dustrial and Applied Mathematics. 

The principal purpose of the Confer- 
ence Board will be to represent mathe- 
matics where cooperative action among 
the various societies is more desirable 
than action on the part of a particular 
society. The new organization plans to 
open a Washington office on 1 July. 

The present officers are G. Baley 
Price, California Institute of Technol- 
ogy, chairman; J. R. Mayor, AAAS, 
secretary; and A. E. Meder, Jr., Rutgers 
University, treasurer. 
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Mountain gorilla prepares to charge. Found only in the highlands of central Africa, 


the mountain subspecies is outnumbered by the lowland gorilla, 


seen in zoos. This captive male was photographed in a jungle enclosure near Utu, 
Belgian Congo. [National Geographic Society] 
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Reactor Accidents To Be 
Studied by International Team 


A formal agreement providing for 
dosimetry experiments to be carried 
out at Boris Kidric Institute at Vinca, 
near Belgrade, was signed recently by 
officials of the International Atomic 
Energy Agency and of the Government 
of Yugoslavia. The experiments, to be 
undertaken as part of the IAEA re- 
search program in health and safety, are 
designed to determine the exact neutron 
and gamma ray doses which were re- 
ceived by scientists during an accident 
at Boris Kidric Institute on 15 October 
1958. 

The incident involved eight young 
Yugoslav scientists, six of whom were 
treated by a method of bone-marrow 
grafting at the Curie Hospital in Paris. 
This was the first successful application 
of bone-marrow transplanting tech- 
niques in human beings. All but one 
of the six survived. The other two 
scientists involved in the incident, who 
received smaller doses of radiation, were 
treated in a Belgrade hospital and re- 
covered. 


IAEA To Plan the Research 


The Yugoslav Nuclear Energy Com- 
mission will place the Boris Kidric In- 
stitute’s zero-power reactor at the 
agency’s disposal for the experiments 
and for the necessary preparations, 
which will be the responsibility of the 
agency. The agency will publish a com- 
plete scientific report on the results of 
the work, which is to be completed on 
31 May. 

The dosimetry measurements will be 
carried out by a team of experts under 
the technical direction of K. Z. Morgan, 
director of the Health Physics Division, 
Oak Ridge National Laboratory. The 
French Atomic Energy Commission has 
offered to participate in the project by 
providing equipment and experts to 
modify, restart, and operate the re- 
actor for the experiment. Negotiations 
between IAEA and the French authori- 
ties for this part of the project are well 
under way. 


Radioactivity in the Environment 


The IAEA also announced recently 
that it would undertake to measure 
and analyze samples of air, water, soil, 
and food to help determine the degree 
of radioactivity in man’s environment. 
This work, which will be done in the 
agency’s laboratory now being built 
near Vienna, will be undertaken at the 
request of member states and of inter- 
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national organizations which cooperate 
with the agency. The IAEA will col- 
laborate in this area with the United 
Nations Scientific Committee on the Ef- 
fects of Atomic Radiation. 

Arrangements will also be made in 
the Vienna laboratory for scientists 
from interested member states to receive 
a limited amount of training in the 
relevant techniques. The agency’s as- 
sistance may also take the form of pro- 
viding experts and equipment to mem- 
ber states for carrying out measurements 
on the spot and to support national pro- 
grams in this field. In addition it is ex- 
pected that the work of the agency will 
help in establishing international stand- 
ards of sampling, measurement, and an- 
alysis. 





Automation Improves Efficiency of 
Technical Information Agency 


The groundwork and first phase of 
a massive transition to automation by 
a major technical information agency 
is reported in a new Department of De- 
fense publication just released through 
the Office of Technical Services, Busi- 
ness and Defense Services Administra- 
tion, U.S. Department of Commerce. 

Every day some 1200 to 3500 re- 
quests for specific reports reach the 
Armed Services Technical Information 
Agency at Arlington Hall, Va., which 
operates to provide Department of De- 
fense agencies and their contractors, on 
request, with copies of research reports 
prepared by or for the military agen- 
cies. There are nearly a million docu- 
ments in the ASTIA collection, which 
is growing at the rate of 30,000 titles 
per year. 

Until an automatic data processing 
system came into effect last month, 7 
million. catalog cards were in use. Ap- 
proximately 1200 copies of reports 
had to be hand-processed every day, 
after security clearance of each request 
and checking against shelf stock. Cur- 
rently, 55 percent of the material re- 
quested is out of stock and must be re- 
produced from microfilm. 


The Current Automation Plan 


The mere indexing and retrieval of 
information fully identified in the re- 
quests would be a mammoth operation. 
But in many instances no identifying 
data are given. Only automation could 
meet this challenge. 

The Technical Information Agency 
has started off with a Remington-Rand 
USS-90 (Univac Solid State computer). 


This punch-card system has as its first 
objective a speed-up of the flow of busi- 
ness-type informational tools to military 
contractors. The system went into oper- 
ation 15 February. Magnetic tapes will 
be added about 1 July to automatically 
identify reports requested without men- 
tion of ASTIA catalog numbers. Tapes 
will also accelerate checking for dupli- 
cation, cumulative indexing of the Tech- 
nical Abstract Bulletin, and informa- 
tion retrieval. Within another year, it is 
hoped, all catalog cards will have been 
copied on magnetic tape; this will make 
possible an automatic print-out, at 600 
lines per minute, of bibliographies, to- 
gether with a full descriptive abstract 
of each reference. The final step will be 
the. installation of a Randex (random 
access) system, which will give greater 
flexibility in compiling reference infor- 
mation. 

In the OTS report, the process by 
which a thesaurus of 900 “descriptors” 
was developed out of 70,000 subject 
headings is recounted, as the history of 
“Project MARS” (Machine Retrievel 
System). An interim single-word head- 
ing or “Uniterm” system was found to 
lack definition. Subject coverage was 
split into about 290 display schedules or 
basic categories in a pioneering venture. 

The report (Automation of Astia: A 
Preliminary Report, Armed _ Forces 
Technical Information Agency, Decem- 
ber 1959) may be ordered from OTS, 
U.S. Department of Commerce, Wash- 
ington 25, D.C. It contains 56 pages; 
price, $1.25. 





Science Foundation Surveys 
Scientists in Industry 


American business firms employed 
about 780,000 scientists and engineers 
in January 1959, according to a Na- 
tional Science Foundation survey. About 
35 percent of the total were engaged in 
engineering and scientific research and 
development activities. The survey was 
conducted for NSF by the Bureau of 
Labor Statistics of the U.S. Department 
of Labor. 

Scientists and engineers in the sectors 
of industry studied represent approxi- 
mately two-thirds of all those employed 
in the nation. The other third are in 
government agencies, educational in- 
stitutions, and nonprofit organizations, 
or are self-employed. 


Industries with the Most Scientists 


Industries employing the largest 
groups of scientists and engineers in 
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January 1959 were the producers of air- 
craft and parts, electrical equipment, 
and chemicals and allied products. Each 
employed more than 75,000 scientists 
and engineers; in all, they employed 
one-third of the total number of sci- 
entists and engineers in private industry 
and approximately half of the scientists 
and engineers engaged in research-and- 
development activities in private indus- 
try. 

Each of two other industries em- 
ployed more than 50,000 but less than 
75,000 scientists and engineers; these 
two were machinery (except electrical) 
and engineering and architectural serv- 
ices. Next in size, in terms of scientific 
and engineering employment, were con- 
struction, fabricated metal products and 
ordnance, primary metals, and motor 
vehicles and equipment; each of these 
industry groups employed more than 
30,000 but less than 50,000 scientists 
and engineers. 

Employment of scientists and engi- 
neers in private industry was about 4 
percent higher in January 1959 than 
in January 1958. Employment of en- 
gineers increased from about 605,000 in 
January 1958 to 630,000 in January 
1959. The number of scientists in 
private industry increased from about 
145,000 in January 1958 to 150,000 in 
January 1959. 





Conference on Animal Cell 
Structure Scheduled in Colorado 


The fifth annual Conference on 
Quantitative Animal Cell Culture in 
vitro will be conducted by the depart- 
ment of biophysics of the University of 
Colorado, 19-22 June. The conference 
is sponsored by the Colorado Division 
of the American Cancer Society and is 
open to persons with the doctoral degree 
who are doing research or graduate 
teaching in biology and medicine and 
to students who are currently enrolled 
as candidates for the Ph.D. degree in 
biological disciplines. 

Lectures and laboratory demonstra- 
tions illustrating the basic techniques 
will be presented, but major emphasis 
this year will be placed on application 
of the quantitative methodologies to 
problems in mammalian cell genetics 
and chromosome analysis, biochemistry, 
virus-host cell interaction, and radiation 
studies. Application of these methods in 
clinical medicine will also be considered. 
Participants should be familiar with the 
principles of sterile technique and the 
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philosophy of quantitative microbiology. 

Because requests for admission have, 
in the past, always exceeded the avail- 
able facilities, applicants up to the limit 
of 45 will be accepted in the order of 
receipt of their completed applications. 
Inquiries should be addressed to the De- 
partment of Postgraduate Medical Edu- 
cation, University of Colorado Medical 
Center, 4200 E. 9th Ave., Denver 20, 
Colo. 


Neurological Institute Seeks To 
Advance Training in Neuroradiology 


The first grants to support research 
training in neuroradiology have been 
made by the National Institute of Neu- 
rological Diseases and Blindness. Two 
grants, totaling $50,000, will be used 
to establish postgraduate programs for 
the study of advanced methods in the 
diagnosis and treatment of diseases of 
the nervous system through the appli- 
cation of radiant energy such as x-rays. 
The training will be made available at 
two neurological centers in New York 
City: the Albert Einstein College of 
Medicine and the Neurological Institute 
of Columbia University. Both institu- 
tions will offer 2 years of highly special- 
ized training to qualified candidates who 
desire to prepare for investigative ca- 
reers in this field. The new programs 
will begin on 1 July. The institute is 
seeking other training centers where 
similar courses may be established in 
order to relieve the acute shortage of 
neuroradiologists adequately trained to 
conduct research on neurological and 
sensory diseases. 


News Briefs 


AEC laboratory’ plans. Atomic 
Energy Commission plans for the next 
decade for its 20 laboratories have been 
made public through the release on 17 
March of an AEC report on the future 
roles of the laboratories. The study was 
carried out in compliance with a request 
from Congress’ Joint Committee on 
Atomic Energy. Commission labora- 
tories now employ approximately 42,- 
000 people and have a present annual 
operating budget of approximately 
$660 million, excluding expenditures 
for weapon development. 

The Joint Committee has sent copies 
of the report to industry, university, and 
government personnel with a request 
for comments. Replies should be re- 





turned by 15 April. After all comments 
have been received, the Joint Commit- 
tee intends to publish them with the 
commission report as a committee pub- 
lication. A few extra. copies of the 
report are available in the Joint Com- 
mittee Office, Room F-88, The Capitol, 
Washington, D.C. 
* * * 

Medical curriculum revised. North- 
western University Medical School has 
announced that, beginning in the fall of 
1961, its program will be reduced from 
the traditional 7 or 8 years to 6 years 
for a pilot study group of 25 talented 
students accepted by Northwestern di- 
rectly from high school. During 2 years 
of liberal arts work, they will take pre- 
medical courses in a more concentrated 
form and in graduated sequence. The 
program, which is supported by a grant 
from the Commonwealth Fund of New 
York, will also include a rearrangement 
of the medical-school curriculum for all 
students and the introduction of non- 
credit required courses in the humani- 
ties in seminar form at the medical- 
school level. Northwestern is reported 
to be the first school in the country to 
receive support to put such a plan into 
operation. 

* * * 

Scientific films. A wide variety of 
16-mm scientific films will be shown 
in competition for the Blue Ribbon 
Awards of the second annual American 
Film Festival, which will be held 20-23 
April at the Barbizon-Plaza Hotel in 
New York City. The Educational Film 
Library Association, sponsor of the 
festival, has announced that the pro- 
gram includes science films for students 
at all levels, primary to postgraduate. 
The showings and other program events, 
including a symposium on “Film Ex- 
plorations in Science,” are open to the 
general public upon payment of a small 
registration fee. Information may be ob- 
tained from EFLA, 250 W. 57 St., 
New York 19, N.Y. 

* * * 

Science column. A column on science 
in industry, to appear three times a 
week, was started in the daily New 
York World-Telegram on 14 March. 
The new feature is being written by 
Richard E. Slawsky, an engineer with 
wide experience in writing and editing 
technical data. 

* ak * 

Man in space. A space symposium on 
problems of getting man into orbit and 
back to earth will be a feature of the 
1960 annual meeting of the Iowa Acad- 


SCIENCE, VOL. 131 








—— = oJ eS ee, 


—_ OH we 








all 


2wW 
by 
ith 
ng 


on 
nd 
he 
\d- 








emy of Science, to be held 22-23 
April at the State University of Iowa, 
Iowa City. Taking part in the discus- 
sion will be James A. Van Allen, pro- 
fessor and head of the university’s de- 
partment of physics and astronomy; Col. 
John P. Stapp, chief of the Aero-Space 
Medical Laboratory at Wright-Patterson 
Air Force Base; and Edward R. Jones, 
group manager of aerospace psychology 
at McDonnell Aircraft Corp., St. Louis, 
Mo. 
oo * a 

Biological rhythms. The seventh Con- 
ference on Biological Rhythms will take 
place in Siena, Italy, 5-7 September. 
The chief topics will be endogenous 
rhythms and the law of initial value. For 
information, write to Dr. Arne Soll- 
berger, Dept. of Anatomy, Caroline In- 
stitute, Stockholm 60, Sweden. Deadline 
for the submission of papers is 1 June. 

e- #46 

Israeli thermonuclear research. A re- 
search group in high-temperature phys- 
ics was recently established at the 
Hebrew University of Jerusalem, within 
the framework of the department of ex- 
perimental physics. The new group will 
move into a new building, erected with 
funds provided by David Marks of Los 
Angeles, sometime during the autumn 
of 1960. No decision has yet been made 
as to which approach the Israeli investi- 
gators will follow to produce and con- 
fine a very hot ionized gas. Initially only 
a modest program is planned. 

% oo * 

Psychosomatic cancer research. A 
society for those interested in studying 
the psychosomatic aspects of cancer is 
being formed under the name of “The 
International Association for Psychoso- 
matic Cancer Research.” The first 
meeting will be in Amsterdam, 11-15 
August. Those interested should com- 
municate with L. LeShan, 144 E. 90 
St., New York 28, N.Y. 

ae * * 

Growth symposium. Scientists from 
England, France, Belgium, Denmark, 
and Canada will participate in a sym- 
posium on growth at Purdue Univer- 
sity, 16-18 June. The _ international 
meeting is sponsored by the depart- 
ments housed in the university’s new 
$11-million life science building. The 
31 papers scheduled will deal with the 
basic patterns of living organisms and 
with the way in which they multiply or 
grow in size. Two evening lectures open 
to the public have been planned: James 
F. Bonner, noted plant physiologist at 
the California Institute of Technology, 
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who has worked extensively with plant 
hormones, will speak on “The Biology 
of Plant Growth,” and Ancel Keys, di- 
rector of the laboratory of physiological 
hygiene at the University of Minnesota, 
will speak on “Changes with Aging.” 

* * * 


Soviet journal exhibit. The National 
Science Foundation has available for 
loan to professional and academic 
groups an exhibit entitled “Foreign Sci- 
ence Literature,” designed to provide 
U.S. scientists and engineers with in- 
formation on Russian scientific litera- 
ture that is being translated into Eng- 
lish. The fold-up book display features 
sample copies of some 70 Soviet jour- 
nals that have been translated from 
cover to cover. A handout pamphlet 
provided with the exhibit lists the trans- 
lated journals by discipline and contains 
other pertinent information. Inquiries 
about the exhibit, which is loaned free 
of charge, should be addressed to 
Office of Science Information Service, 
National Science Foundation, Washing- 
ton 25, D.C. 

* * * 

Lyophilization. For a 2-week period 
starting 29 August, a unique course in 
freeze-drying will ‘be offered in Lyons, 
France, for individuals who are using 
this technique—research workers in the 
biological and botanical sciences and 
workers engaged in clinical and experi- 
mental surgery. Lectures will be pre- 
sented in French and English by a 
distinguished faculty that includes A. S. 
Parkes of the National Institute of 
Medical Research, London, R. I. N. 
Greaves of Cambridge University, and 
H. T. Meryman of the Naval Medical 
Research Institute, Bethesda, Md. Full 
details concerning the 2nd International 
Course of Lyophilization may be ob- 
tained by writing directly to Dr. Louis 
R. Rey, Directeur des Cours Interna- 
tionaux de Lyophilization, Laboratoire 
de Physiologie, Ecole Normale Supéri- 
eure, 24, rue Lhomond, Paris 5°, France. 

ok * * 

Genetics journal. The Cambridge 
University Press has announced that, at 
the request of a group of senior British 
geneticists, it has founded a new jour- 
nal, Genetical Research, to provide an 
international medium for the publica- 
tion of original work on_ genetics. 
Copies of the first number are sched- 
uled for distribution in the United 
States this month. Information may be 
obtained from the American Branch of 
Cambridge University Press, 32 E. 57 
St., New York 22, N.Y. 





Scientists in the News 


Leo Szilard, professor of biophysics 
at the University of Chicago and a 
pioneer in nuclear research, has been 
selected by the trustees of the Lewis 
and Rosa Strauss Memorial Fund to 
receive the Albert Einstein Gold Medal 
and $5000 award for 1960. In 1934 
Szilard developed the new field of hot 
atom chemistry and, in a classic paper 
with T. A. Chalmers, showed that the 
irradiation of certain atoms bound in 
molecules could separate irradiated 
atoms of certain elements from the 
molecules, thus making possible the 
recovery of radioactive material from 
targets. During World War II Szilard 
was chief physicist at the Metallurgical 
Laboratory of the University of Chica- 
go, operated for the Manhattan District, 
which was conducting the government’s 
atomic weapon project. 

After the war, he transferred his 
major interest to the field of biology, 
specifically investigating the growth, 
mutation, and genetics of bacteria and 
bacterial viruses. In association with 
Aaron Novick, Szilard developed a 
method for routine control of culture 
of microorganisms which has made 
possible significant genetic discoveries. 


William W. Morgan, professor of 
astronomy at the University of Chica- 
go, has been named chairman of the 
joint department of astronomy of the 
University of Chicago and the Uni- 
versity of Texas. He has also been 
named director of the Yerkes Observa- 
tory, Williams Bay, Wis., and the Mc- 
Donald Observatory, Mount Locke, 
Tex. 

Frank N. Edmonds, Jr., associate 
professor of astronomy at the Univer- 
sity of Texas, has been appointed as- 
sociate director of the McDonald Ob- 
servatory; Joseph W. Chamberlain, 
associate professor of astronomy at the 
University of Chicago, has been named 
associate director of the Yerkes Ob- 
servatory. 


William Licht, head of the depart- 
ments of chemical and metallurgical 
engineering of the College of Engineer- 
ing, University of Cincinnati, is on 
leave of absence until 1 September. At 
present he is studying engineering edu- 
cation programs at various colleges in 
the eastern United States; in mid-April 
he will leave for a world tour, in the 
course of which he will lecture at the 
Technion in Haifa, Israel. 
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Walter R. Hibbard, Jr., manager of 
the alloy studies section of the metal- 
lurgy and ceramics research depart- 
ment of the General Electric Research 
Laboratory, has been appointed man- 
ager of the department. 


Samuel Silver, professor of engi- 
neering science at the University of 
California, has been appointed direc- 
tor of a new space-science laboratory 
on the Berkeley campus. The new 
laboratory will enable faculty members 
to coordinate work on space-oriented 
research problems. 


Joel J. Pressman, professor of sur- 
gery and assistant dean of the College 
of Medicine of the University of Cali- 
fornia, Los Angeles, will receive the 
1959 Award of the William and Har- 
riet Gould Foundation, for anatomic 
and radioisotopic studies of laryngeal 
compartments. 


Christopher H. Costello, vice presi- 
dent and scientific director of the Co- 
lumbus Pharmacal Company of Colum- 
bus, Ohio, has been named director of 
research for the Colgate Pharmaceutical 
Laboratories Division of the Colgate- 
Palmolive Company. 


Robert E. Feeney, head of the de- 
partment of biochemistry and nutrition 
at the University of Nebraska has been 
appointed professor of food science and 
technology at the University of Cali- 
fornia, Davis. Feeney will join a team 
of biochemists who are doing interde- 
partmental research in protein chem- 
istry. 


Titus G. LeClair, manager of research 
and development for Commonwealth 
Edison Co., has been named manager of 
nuclear power applications for the gen- 
eral atomic division of General Dy- 
namics Corporation, San Diego, Cali- 
fornia. 


Aaron D. Krumbein, principal scien- 
tist of the Nuclear Development Cor- 
poration of America, has been ap- 
pointed visiting assistant professor of 
physics at Yeshiva University, New 
Work, N.Y. 


R. Adams Dutscher, professor emeri- 
tus of agricultural and biological chem- 
istry at Pennsylvania State University, 
has received the Honor Scroll of the 
Philadelphia chapter of the American 
Institute of Chemists. 
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George Gaylord Simpson, Alexander 
Agassiz professor of vertebrate paleon- 
tology at Harvard University, has been 
selected as the 1960 Jesup Lecturer of 
the department of zoology of Columbia 
University. Simpson will deliver six 
lectures on principles of animal 
taxonomy, from 29 March through 21 
April. 


Benjamin Pasamanick, professor of 
psychiatry and research director of the 
Columbus (Ohio) Psychiatric Institute 
and Hospital, has been named Cutter 
Lecturer in Preventive Medicine for 
1960 at Harvard University. Pasama- 
nick will give two lectures, on 4 and 5 
May, on epidemiologic approaches to 
the investigation of childhood neuro- 
psychiatric disorder. 


William D. Stahlman, assistant pro- 
fessor of the history of science at 
Massachusetts Institute of Technology 
and visiting lecturer in general educa- 
tion at Harvard University, has been 
appointed associate professor in the de- 
partment of history of science at the 
University of Wisconsin. 


Roy E. Morse, chairman of the food 
science department at Rutgers Univer- 
sity, and Edward Seltzer, chief research 
engineer of Thomas J. Lipton, Inc., 
have have been named assistant direc- 
tors of research for the Lipton organi- 
zation. 


Emil Witschi, professor of zoology, 
embryology, and endocrinology at the 
State University of Iowa, will discuss 
sex reversal in animals and in man as 
a Sigma Xi national lecturer at a num- 
ber of colleges and universities during 
March and April. 


Michael Sveda, formerly a private 
consultant to chemical firms in Wil- 
mington, Del., has been appointed sci- 
ence education specialist with the Na- 
tional Science Foundation, where he 
works with college programs which in- 
volve research participation. Early in 
his career Sveda discovered the sweet- 
ening agent Sucaryl. 


Chao C. Wang, head of microwave 
tube research for the engineering de- 
partment of the Sperry Gyroscope Co., 
Great Neck, N.Y., has been named 
Victor Emanuel distinguished profes- 
sor in the College of Engineering at 
Cornell University for the current aca- 
demic term. 





Charles Saltzer, consulting engineer 
at Thompson Ramo Wooldridge, Inc., 
has been appointed professor of ap- 
plied mathematics at the University of 
Cincinnati. 


Fritiof S. Sjostrand, professor of 
zoology at the University of California, 
Los Angeles, has received the Jubilee 
Award of the Swedish Medical Society 
for his work on the structure of the 
retina and of skeletal muscle. 


Recent Deaths 


Harley H. Bartlett, Ann Arbor, 
Mich.; 73; professor emeritus of botany 
at the University of Michigan; former 
chairman of the department and direc- 
tor of the university’s botanical gardens; 
21 Feb. 

Carl R. Fellers, St. Anne de la 
Pocatiére, Quebec; 66; former govern- 
ment bacteriologist; retired head of the 
department of food technology at the 
University of Massachusetts; founder 
and former president of the Institute 
of Food Technology; 22 Feb. 

Bernard L. Miller, Palo Alto, Calif.; 
47; professor of physics at St. Joseph’s 
College, Philadelphia, Pa.; 21 Feb. 

Aldo Pavari, Florence, Italy; 71; di- 
rector of the Stazione Sperimentale di 
Selvicoltura; did research on breeding 
and grafting of the European chestnut; 
17 Jan. 

Marcel Schein, Chicago, IIl.; 57; pro- 
fessor of physics at the University of 
Chicago’s Enrico Fermi Institute for 
Nuclear Studies; worked to develop the 
first atomic bomb; director of a major 
cosmic-ray research program, Project 
ICEF (International Cooperative Emul- 
sion Flights), jointly sponsored by the 
National Science Foundation and the 
Office of Naval Research; 20 Feb. 

Louis A. Stearns, Elsmere, Del.; 67; 
professor emeritus of entomology and 
former head of the department at the 
University of Delaware; expert on mos- 
quito control; 5 Mar. 

Floyd C. Turner, Boulder Creek, 
Calif.; 70; cancer researcher; retired 
from the Public Health Service in 
1955; formerly affiliated with Harvard 
University and the National Cancer In- 
stitute, Bethesda, Md.; 5 Mar. 

Howard S. Warren, Montciair, N.J.; 
86; former director of protection devel- 
opment for the Bell Telephone Labora- 
tories; developed devices to provide pro- 
tection against the dangers of high-vol- 
tage power lines; 22 Feb. 
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A Chinese Village in Early Communist 
Transition. C. K. Yang. Technology 
Press (distributed by Harvard Uni- 
versity Press), Cambridge, Mass., 
1959. xii + 284 pp. $6.50. 

The Chinese Family in the Communist 
Revolution. C. K. Yang. Technology 
Press (distributed by Harvard Uni- 
versity Press), Cambridge, Mass., 
1959. xii + 246 pp. $6. 


The study of contemporary sociocul- 
tural developments in China presents 
social science with some of its most 
momentous problems. Perhaps a quar- 
ter of the world’s population is im- 
mediately involved in these events, but 
all of us will be affected by their out- 
come. Indeed, the gigantic sociocultural 
experiment presently being carried out 
on the Chinese mainland dwarfs all 
other similar experiments in scope and 
even, perhaps, in intensity. Yet, it is a 
source of enormous chagrin to Ameri- 
can students of these problems that 
they are forced to consider the prob- 
lems from the outside, studying them 
through an intermediary screen which 
filters out much of the best data and, 
unquestionably, distorts a great portion 
of the data that come through. Under 
the circumstances, we are particularly 
grateful to have the present volumes, 
one describing the events and processes 
involved in the transition of an agri- 
cultural village near Canton from Na- 
tionalist to Communist control, the 
other giving a more generalized analysis 
of the great currents of change which 
are sweeping through the familial insti- 
tutions of the Chinese. 

C. K. Yang, professor of sociology 
at the University of Pittsburgh, was 
chairman of the department of sociol- 
ogy at Lingnan University (Canton) in 
1948, when he decided to take his 
students to Nanching, only 5 miles 
from Canton, where they could learn 
field techniques while contributing to 
the knowledge of Chinese culture and 
society. After this project had been in 
operation about a year, the Communists 
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took control of the village. Yang was 
in an almost unique position: continu- 
ing to collect data, he was one of the 
very few social scientists to have the 
opportunity to make a continuing study 
of a rural village under the impact of 
great change. Yang remained in China 
until 1951, though his work was often 
impeded. As a matter of fact, he was 
deprived of his notes when he left 
China, but managed to put down the 
essence of his field observations during 
a period of residence at Harvard Uni- 
versity that followed his arrival in the 
United States. 

Though the volume on Nanching 
would have been better if all the orig- 
inal statistics had been available, it is 
still an excellent and highly useful 
work, distinguished by a high degree 
of objectivity and by Yang's ability to 
discuss economic, political, and other 
social-structural changes without the 
intense personal involvement so fre- 
quently found in similar works by Chi- 
nese writers. This is particularly notable 
in Yang’s treatment of many changes as 
parts of processes which were already 
substantially under way before the 
Communists achieved power. 

A particular and important example 
is Yang’s treatment of changes in Chi- 
nese family structure. Beginning with 
a high degree of sophistication, mani- 
fest in his careful distinction between 
the large family found in the economi- 
cally secure sectors of the traditional 
society and the much smaller family 
groupings common to the less fortu- 
nate but numerically more preponderant 
sectors, Yang seeks to demonstrate 
that the prevailing tendency for the 
last several decades has been a reduc- 
tion of corporate, unilineal descent 
groups as an important structural fea- 
ture, with concomitant enhancement 
of the significance of nuclear family 
organization. This central tendency has 
wide ramifications throughout the rest 
of the social fabric. It correlates with 
a reduction in the power of the older 
adults and consequent improvement in 


the status of youth. It relates to the 
freeing of marriage from parental 
supervision and the equalizing of male 
and female status. It has important 
links to the revolution in property 
ownership, which divests lineage heads 
and older people in general of vested 
property. The manipulation of such 
property has traditionally been trans- 
lated into political power. 

The transition from private to col- 
lective ownership of land in Nanching 
was not completed during the period 
of his observation, but Yang did see 
the initial stages of land redistribution. 
Despite the precarious economic status 
of about 75 percent of Nanching’s ap- 
proximately 230 households, there was 
little violence during the redivision. 
This was in keeping with the village’s 
tradition of conflict on the lineage and 
individual levels but not on the class 
level. At any rate, Yang combines ob- 
servation and subsequent documentary 
research to reach the conclusion that 
the land reform failed to result in any 
significant rise in the standard of liv- 
ing. This failure, Yang believes, has 
yet to be overcome, but he also believes 
that it must be overcome if the new 
system is to succeed. Even should the 
present regime collapse, however, Yang 
makes it clear that the way to the past 
is barred and many, if not most, of the 
recent changes will remain in one form 
or another. 

Yang has attempted to extend his 
materials well beyond the temporal 
point at which his firsthand observa- 
tions ceased, by incorporating the re- 
sults of research in Mainland news- 
papers and other perodicals. This 
method is, of course, simply an ex- 
pedient and needs no apology. Yet it 
is peculiarly unsuited for getting at the 
heart of the great alterations being ex- 
perienced in China. Certainly the great- 
est and most jolting changes are those 
which accompanied the replacement of 
the cooperative and collective program 
by the system of communes initiated 
in April 1958. Yang dwells only briefly. 
in a postscript, on the significance of 
this move which is so novel that it 
precludes prognosis. He believes, how- 
ever, that the commune will not destroy 
the nuclear family, though he recog- 
nizes that certain features, such as bar- 
rack dwellings, if pushed by the Com- 
munists, may lead to precisely such a 
result. 

Yang’s books could have been im- 
proved by more extensive and judicious 
comparison with available sociological 


915 








and anthropological books and papers 
in Chinese, Japanese, and Western 
languages. Under present circum- 
stances, however, this is rather like 
looking a gift horse in the mouth. If 
and when a means is established where- 
by our own scholars can pursue re- 
search in China, we will begin to de- 
velop real knowledge and insight into 
this great, if alarming, experiment. 
Even then we will continue to be in- 
debted to Yang for this thoughtful and 
provoking set of studies. 

MorTON H. FRIED 
Department of Anthropology, 
Columbia University 


Dosimetrie und Strahlenschutz. Phy- 
sikalische und technische daten. R. G. 
Jaeger. Georg Thieme, Stuttgart, 
Germany, 1959 (order from Inter- 
continental Medical Book Corp., New 
York). xii + 282 pp. Illus. $11.80. 


This collection of basic data, formu- 
las, tables, and diagrams fills an urgent 
need for material on radiation dosime- 
try and radiation protection. Selection 
and arrangement of the material reflect 
the great experience of the author, an 
expert in the field for many years. There 
is no doubt that this monograph will 
become a standard work in every radia- 
tion laboratory. 

A. T. KREBS 
Biology Department, 
University of Louisville 


Levels of Knowing and Existence. 
Studies in general semantics. Harry 
L. Weinberg. Harper, New York, 
1959. xiv + 274 pp. $4.50. 


General semantics emphasizes the 
symbolic transformations which all of 
our experiences must undergo in the 
process of being evaluated. The most 
crucial of these transformations is the 
passage from the nonverbal (sensory) to 
the verbal (categorized) level of cogni- 
tion. Essentially, then, the latter is a 
“map” of the former and, by extension, 
a map of the “real” (objective) world. 
Since verbal knowledge is cast in lan- 
guage, and since language has its own 
structure (syntax, analogies, conven- 
tions, and so forth), it follows that the 
verbal levels of cognition can and do 
bring serious distortions into our picture 
of the world. 

This outlook has obvious relations 
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both to the philosophy of language and 
to the philosophy of science; indeed, the 
intimate relation between language and 
cognition has been pointed out in other 
schools of thought (for example, in 
logical positivism). However, Alfred 
Korzybski, who gave the name “general 
semantics” to this outlook, has put spe- 
cial emphasis on its psychiatric implica- 
tions. He believed he had outlined a 
general theory of sanity, applicable not 
only to individuals but to cultures and 
to the whole human race. 

Perhaps because of this emphasis, 
general semantics has attracted relative- 
ly wide attention in the United States, 
where a public concerned with problems 
of self-help and mental health is always 
potentially present. Some of this interest 
has been siphoned off into cultist 
activity, but there have also been salu- 
brious and constructive results. A num- 
ber of gifted and devoted teachers have 
used general semantics as the central 
idea in a philosophy of communication 
with excellent pedagogic results. Ac- 
cordingly, several popularizations of 
general semantics have appeared, each 
using the “system” as leverage for ex- 
pounding ideas in the study of language, 
psychology, human relations, the arts, 
and even medicine and law. 

The present volume follows the pat- 
tern of the previous popularizations and 
is, perhaps, closer to Korzybski’s for- 
mulation than any of the others. In a 
way, this faithful account is one of the 
book’s merits, for it allows the reader to 
follow Korzybski’s ideas as originally 
stated without wading through the 
atrocious verbiage of Science and 
Sanity (the principal source book) in 
constant danger of mistaking obscurity 
for profoundness. But in this close ad- 
herence to the teachings of the Master 
lies also the book’s shortcoming. To- 
gether with Korzybski’s challenging 
insights and tantalizing conjectures, 
Weinberg carries along the shaky gen- 
eralizations and, most unfortunately, the 
scientism—that is, the appearance of sci- 
entific rigor assumed by reference to 
technical investigations—which bear, at 
best, an analogical relation to the mat- 
ter at hand. 

Happily, Korzybski’s treatment of 
neurological and “colloidal” aspects of 
behavior is omitted. A factual account 
of current methods of “semantitherapy” 
is informative and welcome, and so is 
the chapter on religion, particularly the 
reference to Zen Buddhism (a statement 
on existentialism might also have been 
included to advantage). Here Weinberg 
comes closest to stating convincingly the 





principal theme of his book and the 
ethical meaning of general semantics: 
Both direct experience and rational 
cognition are attributes of human con- 
dition; both must be open to man. In 
order that the one should not exclude 
the other, we should become aware of 
their distinct modalities and of their re- 
lation to each other and to the external 
world. This awareness is the content of 
sanity. 

ANATOL RAPOPORT 
Mental Health Research Institute, 
University of Michigan 


Readings in Linear Programming. S. 
Vajda. Wiley, New York, 1958. vii 
+ 99 pp. $3. 


This little book is something of an 
expository tour de force. In less than 
100 pages, its 24 chapters give a repre- 
sentative collection of worked out ex- 
amples of problems in which linear pro- 
gramming can be used. The references 
(approximately 100) will enable the 
interested reader to go more deeply 
into the literature of the subject. 

Linear programming deals. with 
maximizing or minimizing an “objective 
function,” which is a linear function of 
a set of variables subjected to linear 
equations or inequalities (referred to as 
constraints). Nontrivial cases arise when 
there are more variables than equa- 
tions. It is remarkable what a large 
variety of practical problems can be 
treated by this technique. Personnel al- 
location, smooth patterns of produc- 
tion, blending of aviation gasolines, 
product selection, ship scheduling, air- 
lift, warehouse, and _ transportation 
problems, maximal flow through a net- 
work, and trim loss reduction are a 
representative rather than an exhaustive 
list of applications. Even zero-sum, 
two-person games can be solved (in the 
sense of von Neumann’s theory) by 
methods of linear programming. 

A feature of the book is the use of 
elementary mathematics throughout; 
the examples are generally worked out 
almost entirely by simple arithmetic. 
The exposition is ‘generally clear, al- 
though its conciseness may cause dif- 
ficulty to readers with limited mathe- 
matical background. The worker in the 
field of operations research will find the 
book a simple, readable introduction 
to the varied problems and literature 
of the subject. Managerial personnel 
may find it useful in developing a feel- 
ing concerning justifiable uses of oper- 


SCIENCE, VOL. 131 





atic 


pro 
org 
fiels 
pai 


Eg 
Bo. 


Bri 


the 


Ste 
edi 
ex 
co 


an 
ne 
fle 
di: 
an 
ac 
ci: 
le 


lS ee ee ee ee! i 6s 





al 
of 


RT 


the 
ply 


‘ith 
‘ive 


the 


» of 
out; 
out 
Stic. 
al- 
dif- 
the- 
the 
the 
tion 
ture 
nnel 
feel- 
per- 


. 131 





ations research in general and linear 
programming in particular in their 
organization. Research workers in many 
fields will find this a rapid and fairly 
painless introduction to another field. 

JEROME ROTHSTEIN 
Egerton, Germeshausen and Grier, Inc., 
Boston, Massachusetts 


British Pharmaceutical Codex, 1959. 
Pharmaceutical Press, London, 1959 
(order from Rittenhouse Book Store, 
Philadelphia, Pa.). 70s. 


The appearance of a new edition of 
the Codex is a welcome event to the 
pharmaceutical profession in the United 
States and in Great Britain. The 1959 
edition maintains the high standard of 
excellence and utility which one has 
come to expect of this compendium. 

The general format of monographs 
and appendices has been retained, with 
necessary additions and deletions re- 
flecting current therapeutic trends. The 
discussions of the actions and uses of, 
and the symptoms and treatment of 
acute poisoning by, each drug, are espe- 
cially noteworthy and generally excel- 
lent. 

New appendices dealing with milli- 
equivalent strengths of solutions for in- 
travenous use, bioassays for  chlor- 
amphenicol and for neoarsphenamine 
ophthalmic ointments, and uniformity 
of the diameter of tablets may be of in- 
terest to the American drug industry. 

Although the Codex has no legal 
status in the United States, pharmacists, 
physicians, and many chemists will find 
it a valuable reference work in the gen- 
eral area of therapy. 

JosEPH G. CANNON 
School of Pharmacy, 
University of Wisconsin 


Ancient Mexico. An introduction to the 
pre-Hispanic cultures. Frederick A. 
Peterson. Putnam’s, New York; 
Allen and Unwin, London, 1959. 
313 pp. Illus. + plates. $7.95. 


In 1842 and 1843, John Stevens pub- 
lished his Incidents of Travel in Cen- 
tral America and Incidents of Travel 
in Yucatan, giving to the general pub- 
lic its first view of the great ruins of 
the Maya region and paving the way 
for future archeological work in this 
fascinating area. 

At the same time, 1843, William 
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Prescott published his classic History 
of the Conquest of Mexico, perform- 
ing the same service regarding the 
Aztecs and their neighbors. The stream 
of books that appeared during most of 
the next century added but little to 
what these two scholars had to say, 
since all relied primarily on the same 
sources: early Spanish and native ac- 
counts. While these accounts contained 
an abundance of material, they were 
vague in historical perspective and 
naturally emphasized the two powers 
dominant at the time of the conquest, 
the Aztecs and the Maya. The Spanish 
records, in most instances, were strong- 
ly slanted to the conquerers’ point of 
view. 

Studies of Maya epigraphy led to 
the deciphering of the native calendar 
and, eventually, to a fairly accurate 
estimate of the development of Maya 
civilization over ten centuries of time. 

It was not until George Vaillant be- 
gan his series of stratigraphic excava- 
tions in the Valley of Mexico (1928) 
that a similar time perspective began 
to emerge for this region. During the 
past 30 years, scientific work in arche- 
ology has gradually filled in the picture 
to a point where it is now possible to 
present, in skeleton. form, a prehistoric 
sequence for Middle America, reaching 
back to 10,000 B.c. 

For the most part, in recent years, 
professional archeologists have con- 
fined their writings to special topics or 
areas; there have been many books 
on the fashionable subject of pre- 
Columbian art, but no one has serious- 
ly tackled the formidable task of pre- 
paring a general work. 

This year two publications have ap- 
peared which attempt to present this 
complex picture to the lay reader. One, 
published in Mexico, is Esplendor del 
Mexico Antiguo, a massive two-volume 
work in Spanish, written by many spe- 
cialists; the other is Ancient. Mexico, 
the subject of this review. 

Frederick Peterson, a trained arche- 
ologist, has done a fine job of organiz- 
ing and presenting, in compact form, 
a mass of material covering 10,000 
years in time and dealing with such 
diverse topics as music, engineering, 
agriculture, art, religion, war, educa- 
tion, dress, political organization, and 
astronomy. These and many similar 
subjects are treated in satisfactory de- 
tail with due regard to space and time. 

The book is divided into two main 
subdivisions. The first deals with the 
succession of cultures from the earliest 
mammoth hunters, through the begin- 


nings of simple sedentary societies and 
the eventual rise and fall of a series of 
civilizations, and it culminates with the 
Spanish conquest, which almost com- 
pletely destroyed native culture. 

The remainder of the book describes 
the activities and accomplishments of 
the ancient Mexicans as recorded by 
native and Spanish chroniclers and as 
deduced from archeological investiga- 
tions. 

In spite of the mass of factual mate- 
rial presented, Ancient Mexico is writ- 
ten in readable and entertaining style. 
As an authoritative, popular account 
of Mexican prehistory, it fills a real 
need and certainly will serve its in- 
tended purpose as a general introduc- 
tion to pre-Columbian Mexico. 

M. W. STIRLING 
Washington, D.C. 


Information Theory and Statistics. Solo- 
mon Kullback. Wiley, New York; 
Chapman and Hall, London, 1959. 
xvii + 395 pp. Illus. $12.50. 


Information Theory and Statistics, a 
combination text and treatise, is a care- 
fully written volume on mathematical 
statistics; it is filled with excellent ex- 
amples and exercises, and augmented 
by a glossary of terms. Written for the 
advanced, mathematically trained stu- 
dent, it is not a book for casual reading, 
nor is it a book for a reader unfamiliar 
with matrices, probability theory, and 
some measure theory. 

The novel aspect of the book is its 
illustration of the process by which 
science fills the gaps between previously 
distinct disciplines. The gap filled here 
is that between information theory and 
mathematical statistics. That informa- 
tion theory is “a branch of the mathe- 
matical theory of probability and mathe- 
matical statistics” was self-evident from 
Shannon’s work. But this was lost sight 
of. Information theory was initially 
studied not by the statistician but by 
the communications engineer. The com- 
bination of the concept of entropy 
(until then exclusively in the domain of 
physics and chemistry) with concepts 
of communication, messages, and “in- 
formation,” seemed remote from the 
discipline of mathematical statistics, but 
Kullback shows, with a wide range of 
examples and applications, how the 
logarithmic measure of information can 
bring new order back into the field from 
which many of Shannon’s tools were 
borrowed. Starting with a simple deri- 
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vation from Bayes’ theorem, Kullback 
develops the logarithmic measure and 
related concepts into a unifying princi- 
ple in testing hypotheses and in sampling 
theory. As he writes in the preface, 
“There is currently a heterogeneous de- 
velopment of statistical procedures scat- 
tered through the literature. In this 
book a unification is attained by a con- 
sistent application of the concepts and 
properties of information theory.” Thus, 
the book contributes both to the teach- 
ing of mathematical statistics and to 
the advance of the subject. 

L. B. HEILPRIN 
Council on Library Resources, 
Washington, D.C. 


Critical Problems in the History of 
Science. Proceedings of the Institute 
for the History of Science at the Uni- 
versity of Wisconsin, September 1- 
11, 1957. Marshall Clagett, Ed. Uni- 
versity of Wisconsin Press, Madison, 
1959. xiv + 555 pp. Illus. $5. 


The history of science has two kinds 
of “critical” problems: the finding of 
facts and the manner of their presenta- 
tion. History could thus be divided into 
two branches; since no distinctive word 
exists for the first, perhaps we should 
call its histories (or historiology) as the 
partner of historiography. Both branches 
are illuminated in this collection of 16 
papers, accompanied by 19 commen- 
taries containing the formal conference 
discussions. In many of the papers, the 
problems of historical facts are dom- 
inant, and the several areas in which 
more facts must be collected are indi- 
cated. The problems of historiography 
remain in the background in the first 
sections of the book, but they are fully 
and broadly brought out by Father 
Joseph T. Clark, who discusses “the phil- 
osophy of science and the history of 
science.” From there on, the discussions 
of historiography continue. 

Great emphasis is given to the Scien- 
tific Revolution—the emergence of the 
new scientific attitude up to the time of 
Galileo and Newton. More than 40 per- 
cent of the book is devoted to this topic, 
and it appears that the greatest recent 
progress in the history of science has 
been made here. Mainly through the 
efforts of A. C. Crombie, E, J. Dijkster- 
huis, Rupert Hall, and Giorgio de San- 
tillana (all were participants in this sym- 
posium) the stature of such men as 
Grosseteste in the 13th century, and 
Oresme in the 14th, has become more 
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clearly defined. Yet, as Rupert Hall 
wisely says, we need not “admire Galileo 
less, because we admire Oresme more 
than people did in the days when every- 
thing in the Discorsi was assumed to 
have sprung unheralded from his brain” 
(page 195). Our admiration for histor- 
ical figures is not governed by a law of 
conservation which would allow only an 
equivalent shift in distribution of a con- 
stant quantity. 

One of the highlights in this section 
is de Santillana’s discussion of the role 
of art in the scientific renaissance. His 
hero is Filippo Brunelleschi (1337- 
1446), and although Brunelleschi’s 
singular significance is doubted by 
Crombie, neither Crombie nor the oth- 
er commentators act with the intent, or 
effect, of demolishing real enthusiasm. 

After an interlude covering teaching 
of the history of science, about 70 pages 
are given to the topic science and the 
French Revolution. In particular, 
Charles Coulston Gillispie talks about 
the Jacobin leadership that regarded in- 
tellect as the enemy of freedom and 
“misunderstood science with a particu- 
larly damaging moral enthusiasm for 
nature” (page 268). All this is not a 
mistake that belongs only to the past; 
it has too much resemblance to a re- 
curring kind of animosity that politicians 
direct against science even in our times. 
One of the interesting details in Gillis- 
pie’s story is the remark on the French 
patent law that still retains the spirit of 
1791 in favoring mechanical inventors 
against scientifically informed and acting 
judges (examiners in our language). 

The next 80 pages deal with the law 
of conservation of energy. Here, even 
when compared with Thomas S. Kuhn’s 
artful writing and I. B. Cohen’s eru- 
dition, the best part is Carl B. Boyer’s 
comment. In wit combined with wis- 
dom, he matches the comments made 
by Richard H. Shryock and Conway 
Zirkle concerning the next two papers 
on biology by J. Walter Wilson and 
John C. Greene. 

Chemistry has been allowed only the 
last 60 pages. This is certainly too little, 
particularly since Cyril Stanley Smith 
treats only the structure of metals, and 
the only really chemical topic is a paper 
by Marie Boas on the structure of mat- 
ter and chemical theory. 

In the preface, Marshall Clagett ad- 
mits that science in the 19th century 
is not adequately presented. The reason 
he gives for this is weak and should 
certainly not be guiding when a subse- 
quent symposium on the history of 
science is organized. In the meantime, 





we can be extremely grateful for the 
present volume. Its rich material is very 
successfully discussed in thesis and anti- 
thesis which bring the subject out in full 
plastic form. The words that Ernest 
Nagel used, “Despite my doubts about 
some points in Father Clark’s paper, I 
cannot conclude these comments with- 
out once more expressing my admira- 
tion . . .” (page 150), similarly apply 
to other comments. The authors do not 
hide their enthusiasm and love for the 
beauty of their science, and the reader 
is made to share this feeling with them. 

The index, although brief, deserves a 
special word of praise for its informa- 
tive value, and so does the National 
Science Foundation whose grant made 
it possible to publish this important book 
at such a modest price. 

EDUARD FARBER 

4530 Brandywine Street, NW, 
Washington, D.C. 


Experimental Surgery. Including surgi- 
cal physiology. J. Markowitz, J. 
Archibald, and H. G. Downie. Wil- 
liams and Wilkins, Baltimore, Md., 
ed. 4, 1959. xii + 931 pp. Illus. 
$12.50. 


This book covers a wide range of 
experimental surgery, from the many 
procedures used in studying gastric 
physiology to the construction of at- 
teriovenous fistulae, Starling heart-lung 
preparation, and organ and tissue trans- 
plantation. In general, the operative 
techniques are adequately described, 
so that one need not necessarily con- 
sult original references, and the book 
may be used as a text and guide by the 
surgeon making experimental prepara- 
tions and as a reference source to 
literature on experimental surgical sub- 
jects. The writing is lucid, easy to read 
and follow, and it is frequently punctu- 
ated by quotations, usually appropriate 
and always interesting and entertaining, 
from the classics and from popular and 
current literature. 

The book will be extremely helpful 
to those in experimental laboratories, 
particularly in those that concentrate 
predominately on work on dogs. The 
authors have physiological and veteri- 
nary interest and orientation and have 
presented material pertaining particu- 
larly to animals ‘which is not readily 
available elsewhere. One or two decades 
ago human physiology was largely 
based upon such animal work. Though 
it is still influenced by such work, a 
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wealth of experimental observations on 
human physiology have been made 
available by modern techniques. In- 
complete and inadequate use is made 
of this information in this text, and one 
must be cautious in applying the au- 
thor’s statements to clinical surgery. 
Anesthetists and thoracic surgeons 
would take exception to the statement 
that artificial respiration is not needed 
in thoracotomy on human beings un- 
less both chests are entered, or that 
some cyanosis is probably better than 
the alkalosis that comes with overventi- 
lation. There are several uncritical 
statements such as the suggestion that 
blood transfusions can be given sub- 
cutaneously, although admittedly better 
intravenously, and that large volumes 
of plasma can be given in blood re- 
placement. Certainly the occasion for 
using plasma with unburned experi- 
mental animals must be rather uncom- 
mon. A misconception is given by the 
statement that “the damaged gallbladder 
weeps cholesterol” in connection with 
the formation of gallstones. 

Although these are only a few of 
the exceptions I would take to state- 
ments in the book, I believe the ad- 
vantages more than adequately com- 
pensate for some inaccuracies and that 
the book will be helpful to the host of 
physicians working in experimental 
surgery today. 

HENRY T. BAHNSON 
Department of Surgery, 
Schoo! of Medicine, 
Johns Hopkins University 


The Viruses. Biochemical, biological, 
and biophysical properties. vol. 3, 
Animal Viruses. F. M. Burnet and 
W. M. Stanley, Eds. Academic Press, 
New York, 1959, xvii + 428 pp. 
Illus. $12. 


This third volume continues the basic 
pattern of the series [Science 130, 
657, 724 (1960)]; the 13 chapters deal 
almost entirely with topics that cut 
across taxonomic lines within the large 
group of animal viruses. It is difficult 
to make a general characterization of 
the discussions, which were written by 
11 different authors, but there is a 
common denominator in their primary 
concern with viral activity at the cellu- 
lar level. 

The volume begins with an introduc- 
tory chapter by Burnet in which the 
main groups of animal viruses are pre- 
sented and the status of their taxonomy 
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is discussed. The following seven chap- 
ters deal with various aspects of virus- 
host cell interactions, and the first five 
of these are arranged in a logical order 
related to the sequence of entrance of 
a virus into a cell, the activities asso- 
ciated with intracellular virus, and the 
release of virus from the cell. Because 
of our ignorance concerning the first 
and third of these stages, in the case of 
animal viruses, the bulk of what can be 
said concerns the second stage. Thus, 
Burnet uses a relatively few pages for a 
discussion of the initiation of infection 
by animal viruses, although the mech- 
anism of viral attachment to erythro- 
cytes, leading to hemagglutination, may 
well be a closely related phenomenon 
and is properly inserted at this point in 
two chapters, “Hemagglutination by 
animal viruses,” by Anderson, and 
“Chemistry of virus receptors,” by 
Gottschalk. Studies on viruses within 
cells are described by Bang in “The 
morphologic approach,” and by Isaacs 
in “Biological aspects of intracellular 
growth.” The latter includes a section 
on the release of virus from infected 
cells. Important areas of virus-host cell 
relation are covered in Schlesinger’s 
discussion “Interference between ani- 
mal viruses,” and in Horsfall’s treat- 
ment “Inhibitors of multiplication.” 

The next three chapters deal with 
genetic problems. “Variation in viru- 
lence in relation to adaptation to new 
hosts,” by Fenner and Cairns, extends 
the approach from the cellular level to 
consideration of more complex systems 
(tissue culture, embryonic membranes) 
and eventually to pathogenesis of viral 
infections in the whole animal. One 
wishes that more space had been given 
in this chapter or elsewhere to the 
topic of latency or “carrier state” of 
virus-infected animal cells. This rep- 
resents the only major omission that I 
detected. In “Serologic variation,” by 
Francis, studies on the influenza viruses 
are reviewed, and practical implications 
of their genetic changes are made ap- 
parent. Burnet’s “Genetic interactions 
between animal viruses” analyzes the 
methods and results of recombination 
and related phenomena. 

The final chapters deal with groups 
of viruses that are not yet readily amen- 
able to discussion under the topics list- 
ed above. These are “Problems con- 
cerning the tumor viruses,” by Ander- 
vont, and “The insect viruses,” by 
Smith. Andervont describes the prop- 
erties of representative tumor viruses 
as a basis for presenting the current 
status of the active field of virus-tumor 


investigation. Smith’s chapter repre- 
sents a general review of the insect 
viruses; it is apparent that significant 
similarities and differences between 
these viruses and the other large groups 
have not yet been defined except at the 
level of their chemical and physical na- 
ture. 

There is a subject index, and an in- 
dex of references by authors. Illustra- 
tions are confined to the chapters by 
Bang and Smith. 

This work is outstanding in its pres- 
entation of animal virology primarily 
from an academic viewpoint. Viruses 
are approached as biologic entities, not 
as culprits in public health problems. 
The study of viruses has moved out of 
the descriptive phase of its develop- 
ment, and the three volumes of this 
series, in addition to providing a valu- 
able source of expert information, rep- 
resent an important stone in the build- 
ing of an integrated science of virology. 

F. B. GorDON 
Naval Medical Research Center, 
National Naval Medical Center, 
Bethesda, Maryland 


Reprints 


Derivatives and Differentials, Definite 
Integrals, Expansion in Series, Applica- 
tions to Geometry. Edouard Goursat. 
Translated by Earle Raymond Hedrick. 
Dover, New York, 1959 (unabridged re- 
publication of the Hedrick translation). 
556 pp. Paper, $2.25. 

Differential Equations. Edouard Gour- 
sat. Translated by Earle Raymond Hed- 
rick and Otto Dunkel. Dover, New York, 
1959 (unabridged republication of 1917 
edition). 308 pp. Paper, $1.65. 

From Magic to Science. Essays on the 
scientific twilight. Charles Singer. Dover, 
New York, 1958 (reprint). 284 pp. 
Paper, $2. 

Functions of a Complex Variable. 
Edouard Goursat. Translated by Earle 
Raymond Hedrick and Otto Dunkel. 
Dover, New York, 1959 (unabridged re- 


publication of 1916 edition). 269 pp. 
Paper, $1.65. , 
Functions of a Complex Variable. 


James Pierpont. Dover, New York, 1959 
(reprint of ed. 1, 1914). 597 pp. Paper, 
$2.45. 

Lectures on the Theory of Functions of 
Real Variables. vols. 1 and 2. James Pier- 
pont. Dover, New York, 1959 (unabridged 
republication). Paper, $2.45 each. 

De Magnete. William Gilbert. Trans- 
lated by P. Fleury Mottelay. Dover, New 
York, 1958 (unabridged republication of 
1893 translation). 419 pp. Paper, $2. 

A Source Book in Mathematics. vols. 
1 and 2. David Eugene Smith. Dover, 
New York, 1959 (unabridged republica- 
tion of 1929 edition, original edition pub- 
lished in one volume). 701 pp. $1.85 
each. 
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Effects of Solar Radiation 
Pressure on Earth Satellite Orbits 


Abstract. Calculations show that, at a 
mean altitude of 1000 miles, radiation 
pressure can displace the orbit of the 100- 
foot Echo balloon at rates up to 3.7 miles 
per day, the orbit of the 12-foot Beacon 
satellite at 0.7 mile per day. For certain 
resonant conditions this effect accumulates, 
drastically affecting the satellite’s lifetime. 


We have integrated the perturbation 
equations (/), assuming constant or- 
bital elements over 1 cycle, for direct 
solar radiation pressure, including the 
effect of the earth’s shadow. This pres- 
sure produces an important perturba- 
tion for satellites with area-to-mass 
ratios of approximately 25 cm*/gm or 
greater. The results of the integration, 
together with those for air drag and the 
earth’s quadrupole moment, have been 
incorporated into a digital computer 
program which permits prediction of 
the motion of any spherical earth satel- 
lite when these perturbations are the 
dominant ones. This motion is quite 
complex; for example, for certain 
(“resonant”) combinations of orbital 
altitudes and inclinations the effects of 
solar radiation essentially build up 
monotonically, seriously affecting the 
lifetime. For the Beacon satellite (area- 
to-mass ratio of 23.2 cm*/gm) at mean 
altitude of 950 miles, an initial eccen- 
tricity of 0.106, and an _ inclination 
angle of 40°, the lifetime can vary by a 
factor of 10, depending on the hour of 
launch. For an inclination angle of 
48°, these conditions are no longer 
resonant, and the variation in lifetime 
is reduced to a factor of 2. (See Fig. 1.) 

The force on a sphere due to 
solar radiation pressure (P = 4.5 X 10° 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
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report proper. 
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For further details see “Suggestions to Contrib- 
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dyne/cm’ near the earth) is the same 
for complete absorption and for specu- 
lar reflection of the radiation. Using 
Kallmann’s data (2) for air density, 
one finds that for circular orbits at 
about 500 miles altitude, air drag ex- 
erts a force comparable to that of radia- 
tion pressure. However, the effects of 
these two forces on the orbit are quite 
different. 

In general, during a complete orbital 
period, solar pressure causes a first- 
order perturbation of all six orbital 
parameters. However the most conspic- 
uous effect for a nearly circular orbit 
is a displacement of its geometric cen- 
ter. This displacement is perpendicular 
to the earth-sun line in the orbit plane 
and in a direction such as to decrease 
the altitude of that part of the orbit in 
which the satellite moves away from 
the sun. The mean radius is almost un- 
affected for orbits of small eccentricity. 
For such orbits the magnitude of the 
time rate of this displacement is 


oO 

o 
— 
R 


p—A[ 3@s—o) sine) cose, ca) 


m 4nn 


where a is the angle subtended at the 
earth’s center by the portion of the orbit 
within the earth’s shadow, 9 is the angle 
between the earth-sun line and the orbit 





plane, n = (GM)**/a*” is the mean mo- 
tion, m is the mass, and A is the effec. 
tive cross-sectional area of the satellite, 

Combining the displacement rate ¢ 
with the perturbations due to earth ob- 
lateness (3), one finds that for nearly 
equatorial orbits, perigee height oscil- 
lates with period 22/|8 — Qe — asl, 
Here is the angular rate of the earth. 
sun line, 


2 cos i 
OQ, = —4,98 70 — oF deg/day, 
and 
(S.cos*i—1)_ 
oy = 4.98 ale deg/day, 


are the angular rates of the nodal line 
and perigee argument, respectively, due 
only to the earth’s equatorial bulge. In 
these equations, a is the major axis 
measured in earth radii, i is the inclina- 
tion, and e is the eccentricity of the 
orbit. For nearly equatorial and nearly 
circular initial orbits (except those 
near the “stable” orbit defined below), 
the amplitude of the perigee height 
oscillation is 


Ah = le(o —— 0)|/|8 —% — |. (2) 


This equation agrees within 10 percent 
with accurate computer calculations for 
eo<0.2 and ix<30°. Cases A and B of 
Fig. 1 agree within 25 percent with Eq. 
2, despite the effects of air drag at this 
low altitude. These curves have approx- 
imately the planned initial orbit of the 
unsuccessful Beacon satellite of August 
1959. They differ only in launch time 
and were selected to show approximate 
maximum and minimum lifetimes at- 
tainable by varying only Qo. Since eo #4 
0, perigee height can oscillate either 
above its initial value (long lifetime) 
or below it (short lifetime). 
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Fig. 1. Time variation of perigee height and mean altitude for the Beacon satellite. 
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When the denominator of Eq. 2 
vanishes, we have a resonance. The 
earth’s oblateness then keeps approxi- 
mately constant the orientation between 
the perigee position and the projection 
of the earth-sun line onto the orbit 
plane. Hence, radiation pressure can 
increase or decrease the eccentricity 
monotonically. This occurs in cases C 
and D of Fig. 1, which were chosen so 
that ¢ is directed along the orbit’s major 
axis. The average slope of each nearly 
straight segment of the curves for peri- 
gee height is about 10 percent less than 
the value given by |¢ (6 = 0)|. Actually, 
@ varies over a wide range, and the 
detailed changes in slope correlate very 
well with the corresponding changes of 
cos 9. The lifetime for this process is 
not sensitive to the model used for air 
density, and is sensitive to the launch 
time only for noncircular initial orbits. 

For the Echo balloon (area-to-mass 
ratio 125 cm*/gm) placed in a 1000- 
mile-altitude circular orbit, we find |¢| 
= 3.7 mi/day with the sun in the orbit 
plane. Furthermore, if io has the near 
resonance value of 35°, the lifetime is 
240 days. Inclinations about the res- 
onant value of 40° must therefore be 
avoided if longer lifetimes at this alti- 
tude are desired. For an initially cir- 
cular equatorial orbit, the resonance 
altitude of 4000 miles leads to a 1.3 
year lifetime, while the same orbit at 
1000 mile altitude has an extremely 
long lifetime. The perigee height oscil- 
lations of the latter orbit have ampli- 
tudes of 60 miles and exhibit cusps at 
their highest points. 

Smaller amplitudes of perigee height 
oscillation than those given by Eq. 2 
result from near-equatorial initial orbits 
which lie close to a “stable” orbit. A 
stable orbit has approximately constant 
perigee height, and its geometric center 
lies on the projection of the earth-sun 
line at a distance Ah from the earth’s 
center. For other orbits the oscillation 
amplitude is approximately twice the 
distance from their initial centers to 
that of the stable orbit, provided that 
this distance is smaller than Ah. The 
perigee height of the equatorial stable 
orbit of the 1000-mile mean altitude 
Echo balloon lies 60 miles below this 
altitude. 

For inclinations between 55° and 
125°, even an approximate description 
of orbital evolution becomes consider- 
ably more complicated. Along with 
shorter periods, we find 22/|8 — Q» + 
iol, When the denominator vanishes 
we again have a resonant condition. To 
understand this qualitatively, consider, 
for example, a satellite launched north 
in a resonant circular orbit, at dawn 
on 21 December. Since the orbit is 
polar, Q» vanishes and &» is negative. 
The component of radiation force in 
the orbit plane causes perigee to ap- 
pear at the launch position. As the year 
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progresses, this component rotates in 
the orbit plane in the same direction 
and at the same rate as the perigee po- 
sition, but perigee leads by 90°. At the 
spring and fall equinoxes the radiation 
force vector lies in the orbit plane and 
perigee height changes at maximum 
rate. Perigee height thus monotonically 
decreases, but with a varying rate. For 
the same satellite launched at dusk, the 
radiation force component and perigee 
position rotate in opposite directions, 
resulting in a large increase in lifetime. 
Thus even for e =0 the launch time 
affects lifetime. The qualitative be- 
havior of perigee for other polar orbits 
can be similarly analyzed. We quote 
one quantitative result: the Echo bal- 
loon in a resonant 2400-mile circular 
polar orbit has a lifetime varying from 
1.3 to 3.1 years, depending on launch 
time (4,5). 
R. W. PARKINSON* 

Ramo-Wooldridge Division, 
Thompson Ramo Wooldridge, 
Los Angeles, California 

H. M. JoNgEs 

I. I. SHAPIRO 
Lincoln Laboratory, Massachusetts 
Institute of Technology, Lexington 
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Post-Bomb Rise in Radiocarbon 
Activity in Denmark 


Abstract. During the summers of 1958 
and 1959 the increase in concentration of 
bomb-produced radiocarbon in Denmark 
was several percent higher than the aver- 
age increase for the hemisphere. This ad- 
ditional increase is probably a carbon-14 
equivalent to the spring peaks in strontium- 
90 fallout in the North Temperate Zone in 
the same years, and suggests latitudinal 
variations in carbon-14 contamination. 


Measurements of bomb-produced ra- 
diocarbon have been reported by several 
investigators (J—4). Estimates of a linear 
yearly increase in the C“ concentration 
of atmospheric carbon dioxide from the 
Northern Hemisphere up to 1958 have 


‘ranged from 3.2 percent [Miinnich and 


Vogel (2)] to 4.3 percent [de Vries (3)] 


and 5 percent [Broecker and Walton 
(4)]. 

Since 1956 samples have been col- 
lected in Denmark for the purpose of 
monitoring the rise in C“ in the atmos- 
phere. The results from a series of very 
uniform samples are reported here. 

All the samples were derived from 
cereals which grew in locations about 
10 miles north of Copenhagen (latitude 
55°S0/N, longitude 12°30’E). Except 
for one case, only the ears of the cereals 
were used. These had developed and 
had grown during the months of June 
and July of the year in question. With 
this material, uncertainties due to un- 
known time lags between assimilation 
and deposition of carbon compounds in 
plant tissues of perennial plants were 
avoided. In June the house-heating sea- 
son in Denmark has ended, and, since 
the area is not very heavily industri- 
alized, there is no local Suess effect to 
influence the results. This is indicated 
by the fact that the measure for the 
pre-bomb decrease in C* in Denmark 
as compared to findings for 19th-cen- 
tury wood is 2.5 + 0.5 percent, while 
the average decrease throughout the 
world is calculated by Fergusson to 
have been 2.03 + .15 percent (5). The 
samples, therefore, should closely reflect 
the mean concentration of C“ in CO: 
of the unchanged atmosphere at the 
sample locations in June and July of the 
growth year in question. 

The sample materials are listed in 
Table 1, together with the measured 
C“ activities. The samples were assayed 
as CO: in a proportional gas counter 
(6). The C“ activities are given as 


AC* = 6C* — 28C™ (1 + 8C“/1000) — 50.0 


In this expression the activity is 
normalized to a common C*/C” ratio 
(8) and stated as the permillage differ- 
ence from 95 percent of the activity of 
the National Bureau of Standards oxalic 
acid standard, a value which falls close 
to the mean activity of 19th-century 
wood (4, 7). 

The rise is plotted in Fig. 1. Up to 
the summer of 1957 the measurements 
show an approximate linear rise of 
about 5 percent per year, which is con- 
sistent with the afore-mentioned esti- 
mates. From 1958 on, the increase is 
definitely steeper than reported by other 
investigators. From June-July 1957 to 
June-July 1958 the increase was 8 per- 
cent, or 3 percent more than that meas- 
ured by Broecker and Walton (4); from 
the summer of 1958 to the summer of 
1959 the increase was 14 percent. The 
1959 value is 12 percent higher than 
that predicted by extrapolation of the 
linear curve of Broecker and Walton. 
Broecker and Walton’s prediction was 
based on a curve derived from samples 
collected in more southern latitudes, 
mainly from the Great Basin in the 
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Fig. 1. Rise in C™ activity in Danish 
cereals. The dotted line agrees closely with 
the rise found by Broecker and Walton (4). 








United States, at about 40°N, and from 
North Atlantic air at 25° to 34°N. 
Their results undoubtedly are more rep- 
resentative for the Northern Hemi- 
sphere than those in this study. Although 
some additional increase above that 
predicted by them was to have been ex- 
pected for 1959, it seems almost im- 
possible that the average activity for 
the hemisphere could have risen to the 
values measured in Denmark. This 
would require that the total admixture 
of C* to the northern troposphere 
should have been more than three times 
as great in 1959 as in 1958. In Den- 
mark the ratio was only 1.6. 

The high values for tropospheric C™ 
levels in Denmark in the summers of 
1958 and 1959 most probably stem 
from the large increase in high-yield 
nuclear detonations during 1957 and 
1958 in northern latitudes and in areas 
not far from Scandinavia. Almost all 
bomb-generated C™ is injected into the 
stratosphere; the high C“ values are in 
keeping with the findings that strato- 
spheric debris released in northern 
latitudes (where the U.S.S.R. testing 
grounds are located) is brought down 
more rapidly than fallout injected into 


Table 1. Carbon-14 content of Danish cereals. 











Sample No. ‘ a 

Year (Copenhagen) Material AC 

1956 K-612 Barley, ears 39+ 8 
(Frederiksdal ) 

1957 K-611 Barley, ears 89 + 7 
(Sorgenfri) 

1958 K-613 Wheat, grains 172 +7 
(Virum) 

1959 K-610 Rye, ears 308 +7 
(Frederiksdal) 

1959 K-614 Oats, straw 308 + 9 
(Naerum) 

1959 K-615 Rye, ears 309 + 9 
(Vedbaek) 
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the stratosphere in the tropics (9). 
Hence, the reported levels of C* in Den- 
mark, all of which are summer values, 
may constitute an equivalent, for C%, 
to the spring peaks for Sr” fallout found 
during the same years in northern 
latitudes (9, 10). 

For lack of more geographically 
spaced samples, it is not possible to 
decide whether the higher C* concentra- 
tions in Denmark, as compared to the 
measurements by Broecker and Walton, 
are due to latitudinal variations or to 
different distances from the test sites. 
However, particulate fallout and CO: 
are brought down from the stratosphere 
by the same circulation mechanism; the 
strong latitudinal dependence for fall- 
out, which is presumably caused by a 
selective downward mixing from the 
stratosphere in middle latitudes via the 
gap in the tropopause (JJ, 12), there- 
fore suggests that similar variations oc- 
cur for bomb-produced C* in CO:. 

Stratospheric CO: which descends to 
the troposphere is not washed down 
with the rain, like particulate fallout, 
but is mixed throughout the hemisphere, 
with a mixing time of the order of 1 
month. By this mixing, the stratospheric 
CO: is rapidly diluted with less active 
CO:, and a general rise in C™ level is 
produced. Only additional increase 
above this level is discernible as latitu- 
dinal variation. If the downward mix- 
ing from the stratosphere continues at 
nearly the same latitudes, and at an ap- 
proximately constant rate throughout 
the year, a more or less permanent 
latitudinal gradient in C“ concentration 
will be established. If the mixing from 
the stratosphere shows seasonal varia- 
tions (77, 13), the gradient will grow up 
in the periods of descent and vanish 
again at other times. In the case of such 
seasonal variations, plant material will 
only exhibit latitudinal variations if the 
periods of descent coincide with periods 
of assimilation. Further, in certain 
areas latitudinal variations may be 
masked by local Suess effects, the two 
effects being of comparable size and of 
opposite direction. More measurements 
of the C“ variations in tropospheric CO: 
from latitudinally spaced locations may 
provide further information on _ the 
mechanism of the stratosphere-tropo- 
sphere exchange processes. 

If C* from cosmic rays likewise 
comes down from the stratosphere 
dominantly in the North and South 
Temperate zones, slight latitudinal dif- 
ferences in natural radiocarbon activi- 
ties may be present. The size of such 
an effect will depend on the circulation 
pattern in the stratosphere, which is not 
well understood at the moment. The ef- 
fect will be more marked if the trans- 
port from stratosphere to troposphere 
shows definite seasonal variations, so 
that most C“ comes down in the spring- 


time, when the rate of assimilation is 
highest. However, with changing cli- 
mates the latitudes of dominant descent 
of stratospheric carbon dioxide, and 
consequently the zones of the highest 
C™“ concentrations, may have varied in 
the past. ; 

HENRIK TAUBER 
Carbon-14 Dating Laboratory, 
Department of Natural Sciences, 
National Museum, Copenhagen, 
Denmark 
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Heterocaryotic Nature of Ring 
Formation in the Predaceous 
Fungus Dactylella doedycoides 


Abstract. Morphologically indistinguish- 
able conidia of the predaceous nematode- 
attacking hyphomycete Dactylella doedy- 
coides Drechsler vary in their ability to 
produce constricting rings, depending upon 
their heterocaryotic state. Three types are 
noted: those producing rings with or with- 
out stimulation, those , never producing 
rings, and a mixed or wild type, made up 
of a mixture of the first two types. 


The genetic mechanisms controlling 
constricting ring formation in the nema- 
tode-attacking predaceous fungi are 
poorly understood. In the present work 
information concerning these mecha- 
nisms was obtained by studying ring 
formation in single conidial isolates de- 
rived from a monoconidial culture of 
Dactylella doedycoides Drechsler (1) 
found in garden soil in Teddington, 
Middlesex, England. 

The initial monoconidial culture was 
isolated and multiplied on Difco corn 
meal agar at room temperature. The 
fungus grew readily on this medium, 
forming profuse 'numbers of erect coni- 
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diophores, each bearing a single ter- 
minal conidium and an occasional sub- 
terminally borne conidium. Single co- 
nidia were readily removed from the 
cultures with a solid glass rod with a 
finely drawn tip (2). Conidia were 
transferred singly to the upper surface 
of small corn meal agar cylinders 6.0 
mm in diameter and of uniform depth. 
These cylinders were arranged in rows 
inside the top cover of a large, inverted, 
plastic cheese dish. A piece of filter 
paper moistened with sterile water was 
forced into the dish bottom, and the 
dish was closed bottom side up. Such 
cultures could be kept moist and free 
of contamination for about 5 weeks, 
which was long enough to provide the 
necessary data. 

Spores planted on the agar cylinders 
germinated, usually after 2 or 3 days, 
and their subsequent development was 
observed under the microscope at fre- 
quent intervals for about 3 weeks. Ob- 
servations made within a week after 
spore germination indicated that certain 
spores derived from the original wild- 
type culture spontaneously produced 
constricting rings (that is, rings with no 
nematodes or other exogenous stimu- 
lant present) while other spores did not 
spontaneously produce rings. Observa- 
tions continued over 3 weeks showed 
that, in the germlings that produced 
tings spontaneously, only 3 to 12 spon- 
taneous rings were produced per spore, 
and then ring production ceased. In the 
non-ring-producing germlings no rings 
appeared, even after 5 weeks. Observa- 
tions made on a large number of spores 
indicated that about 30 percent of the 
spores from the wild type spontaneous- 
ly produced rings (Table 1, a). Here- 
after, spores spontaneously producing 
tings are designated A, those producing 
no spontaneous rings B, and the orig- 
inal wild type A/B. Single conidia were 
taken from mycelia derived from A- 
and B-type spores and tested for spon- 
taneous ring formation. In Table 1, 
parts b and c show that 83 percent of 
the spores descended from the A type 
spontaneously produced rings while 13 
percent of those spores derived from 
the B type spontaneously produced 
tings. 

It was commonly supposed that hy- 
phal strands of a ring-forming preda- 
ceous fungus were uniformly capable of 
being stimulated to form constricting 
tings, given an appropriate stimulus 
(3). It seemed advisable to test the 
validity of this supposition in view of 
the unsuspected apparent heterogeneity 
in spore populations derived from a 
single conidium. 

Saprophytic nematodes of the genera 
Panagrellus and Rhabditis, reared ac- 
cording to the method of Faylor et al. 
(4), were found to stimulate ring struc- 
ture formation in Dactylella doedy- 
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Table 1. Summary of spontaneous ring formation in single-spore culture from strain A/B. 














Generation Cultures Ring formation No ring formation 
and type (No.) No. % No. % 
a. Parent (wild type), A/B 183 45 25 138 75 
58 25 43 33 57 
36 5 14 31 86 
21 1 4 20 96 
67 26 39 41 61 

Total 365 102 263 
Mean 28 72 
b. Progeny of A 75 68 80 7 20 
25 15 60 10 40 

Total 100 83 17 
Mean 83 17 
c. Progeny of B or A/B 82 16 20 66 80 
59 3 5 56 95 

Total 141 19 122 
Mean 13 87 
d. Progeny of (A+B) 60 15 25 45 75 
83 9 11 74 89 

Total 143 24 119 
Mean 17 83 





coides after they had been air-dried 
until dead and then rehydrated in a 
small drop of water. Single adult female 
nematodes, killed in this fashion, were 
rehydrated in a small drop of sterile 
distilled water, picked out of the water 
by a nylon bristle, and deposited in the 
center of the agar cylinders upon which 
the conidia were germinating. The fun- 
gus was stimulated to form rings within 
3 to 5 days after the dead nematode 
was placed on the cylinder. 

The effect of adding ring stimulatory 
material to the various types of spores 
was then studied by this technique. 
Sixty percent of the A/B type spores 
produced rings after stimulation. Eighty- 
seven percent of the A type spores 
produced rings after stimulation while 
only 30 percent of the B type spores 
produced rings after stimulation (Table 
2, a, b, and c). Thus it became quite 
clear that, even though stimulation did 
cause an increase in the percentage of 
ring production by all three spore types, 
spore populations were not homoge- 
nous for this character, and in reality 
three types of conidia exist side by side 


in nature but are readily separable by 
simple laboratory procedures. 

Single spore cultures of A and B 
spores were grown together on the 
same plates. After the mycelium had 
mingled long enough for possible hypal 
fusions to take place, single spores were 
taken from the mutual margin of the 
two cultures and tested for ring-produc- 
ing ability. These spores were found to 
exhibit the three types of ring produc- 
ing potential originally observed— 
that is, the wild A/B type was pro- 
duced and also the A and B types 
(Table 1, d). 

Thus it would appear that among 
conidia of D. doedycoides a wild type 
designated A/B is present. From the in- 
dividual conidia of this type three types 
of ring-producing potential can be ob- 
served: the A type which produces 
constricting rings spontaneously and al- 
ways produces more rings upon stimu- 
lation with nematodes; type B which 
never produces constricting rings spon- 
taneously and does not produce rings 
upon stimulation with nematodes; and 
type A/B which is a mixture of A and 


Table 2. Summary of ring formation after stimulation in single-spore cultures from strain A/B. 











Generation Cultures Ring formation No ring formation 
and type (No.) No. % No. % 
a. Parent (wild type) A/B 30 20 67 10 33 
. 24 18 75 6 25 
33 14 42 19 58 
Total 87 52 35 
Mean 60 40 
b. Progeny of A 39 34 87 5 13 
Total 39 34 5 
Mean 87 13 
c. Progeny of B or A/B 50 18 36 32 64 
56 14 25 42 75 
Total 106 32 74 
Mean 30 70 
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B and produces some rings spontane- 
ously. The conidia of these three types 
are morphologically indistinguishable 
and can only be separated according to 
their ability to form rings spontaneous- 
ly. Thus a certain percentage of appar- 
ently B type conidia are actually A/B 
type conidia which will produce both 
A and B type responses when germi- 
nated. 

These data indicate that the genetic 
control of ring formation in the pre- 
daceous hyphomycete Dactylella doedy- 
coides Drechsler is a_heterocaryotic 
phenomenon. The ability of this fungus 
to produce constricting rings in the 
presence of free-living nematodes may 
be quite variable because of the nuclear 
heterogeneity indicated by the data pre- 
sented here. These data explain many 
of the anomalous observations which 
have been recorded in the literature 
concerning ring formation in the pre- 
daceous nematode-trapping hyphomy- 
cetes (5). 

WILLIAM A. FEDER 
Crops Research Division, 
U.S. Agricultural Research Service, 
Orlando, Florida 

C. O. R. EvERARD 

C. L. DuDDINGTON 
The Polytechnic, Regent Street, 
London, England 
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Sexuality and Mating in Salmonella 


Abstract. Another criterion for the 
presence of the agent (F) promoting 
genetic exchange in Escherichia coli was 
found. It involves a staining reaction of 
Hfr and F+ coli, but not F— coli, when 
mixed with strains of Salmonella typhi- 
murium. This reaction was used as a guide 
in following the transfer of the F agent to 
Salmonella and back to E. coli. The F 
agent in Salmonella seems to promote the 
same kinds of events that it promotes in 
E. coli. 


The mating type system in the bac- 
teria Escherichia coli has been shown 
to be under the control of an agent 
called F (J, 2). Those bacterial strains 
that lack F act as recipients for genetic 
material, while strains that have F act 
as donors of genetic material. It has 
been concluded from the work of Woll- 
man and Jacob (3) that the genetic ma- 
terial of the donor passes into recipient 
bacteria in a linear fashion. There is no 
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evidence for the reciprocal transfer of 
genetic material from recipient bacteria 
to donor bacteria (4, 5). 

The F agent can exist in at least two 
states in donor strains. One state con- 
fers upon donor bacteria the ability to 
pass the F agent to recipients at high 
frequency, but the chromosome at low 
frequency (F+ bacteria). The other 
confers the ability to donor bacteria of 
passing their chromosome (or part) at 
high frequency, while the F agent is 
transferred at low frequency (Hfr bac- 
teria). The transmission of the F agent 
in the former case results in an F+ bac- 
terium, while in the latter it results in an 
Hfr bacterium. It has therefore been in- 
ferred that the difference between these 
two kinds of bacteria depends upon the 
localization of the F agent: F+ bac- 
teria have the agent in a free state, while 
Hfr bacteria have the agent at a par- 
ticular one of a number of possible 
chromosomal sites. It has also been in- 
ferred that all effective transfers of 
genetic material from F+ to F— bac- 
teria involve either a transient or perma- 
nent fixation of the F agent to the 
chromosome (6). 

One other bacterial property might 
be ascribed to the F agent. Since, for an 
effective mating, the two mating types 
must make a_ sufficient cell-by-cell 
bridge, some differences in the surface 
properties might be expected. Differ- 
ences in the staining and agglutinating 
properties have been observed (7). 
Thus, it would seem that F— bacteria 
change their surface when “infected” 
with the F agent. In this respect the 
action is analogous to that produced 
by some temperate bacteriophages, a 
process called lysogenic conversion 
(8, 9). Loeb (10) reports a bacterio- 
phage which will differentiate F+ and 
Hfr bacteria from F— bacteria. 

Baron et al. (11) and Miyake and 
Demerec (/2) have shown that some 
strains of salmonella will act as recipi- 
ents for genetic material from Hfr coli. 
Since Zinder and Lederberg (13) tested 
many of these same salmonella strains 
for mating inter se and failed to find 
any evidence for this, it might be as- 
sumed that salmonella is, as is the aver- 
age coli, F—. Therefore, if the F agent 
could be transferred to salmonella, they 
too might mate. This report describes 
the successful transfer of the F agent to 
salmonella and the properties of the re- 
sulting F+ organisms. 

The preparation of mutant lines of 
bacteria was accomplished as described 
by Lederberg (/4). The abbreviations 
used to describe the genotypes are as fol- 
lows. The fermentation mutants are de- 
signated “lac” for lactose, “gal” for 
galactose, “arab” for arabinose, “mal” 
for maltose, and “mtl” for mannitol. 

Drug resistance mutations are as Az" 
for resistance to sodium azide. Auxo- 





trophic mutations and notations used 
are “meth” for methionine, “pro” for 
proline, “thr” for threonine, “leu” for 
leucine, “try” for tryptophan, and “his” 
for histidine. 

The derivatives of E. coli K-12 that 
were employed were Hfr (Cavalli) (J) 
of genotype meth—; Hfr (Hayes) (J5) 
of genotype meth— Az’; F+ and. F- 
with genotypes for both of meth— and 
thr—, leu—, lac—, gal—. 

The salmonella strains were all deriv- 
atives of S. typhimurium LT2 (13), 
Their genotypes are described in the 
text. 

The special media for the study of 
bacterial genetic processes were the 
same as those described by Lederberg 
(14). Of special use in this study was 
eosin methylene blue agar without any 
sugar supplementation (EMB 0). 

In E. coli F— organisms become F+ 
during mixed culture with F+ organ- 
isms. This can be demonstrated by 
reisolating the orginally F— organisms 
on the basis of some differentiating 
marker and testing their mating be- 
havior. Since coli are lactose fermenters 
and salmonella are nonfermenters, the 
reisolation of the salmonella type after 
mixed culture with coli is readily ac- 
complished. However, the recognition 
of any transfers of the F agent is more 
difficult. It would involve the testing of 
a large number of independent isolates 
either for ability to transfer back to E, 
coli F—, the F agent, or for mating with 
other salmonella strains. Both of these 
are contingent properties, in that F 
might be transferred to salmonella with 
very low frequency and similarly have 
a low, if existent, frequency of back 
transfer, or that it might not, in sal- 
monella, confer mating ability. Of some 
use in this and other problems would 
be some other criterion for the F state 
of bacteria. 

In the course of some experiments, it 
was noted that when ‘an F+ or an Hf 
coli was cross-streaked with LT2, or 
some other salmonella, on EMB 0, 
there would be a straining of the bac- 
teria in the area of their intersection: a 
red spot. Such reddenings are charac- 
teristic of the cross-streaks of lysogenic 
and nonlysogenic bacteria. The lysis of 
the nonlysogenic bacteria after attack 
by the phage released from the lysogenic 
bacteria releases some acid, thereby 
lowering the pH and allowing eosin to 
stain. Eosin stains bacteria at pH below 
5.5 and hence is used in the EMB medi- 
um to determine fermentative responses. 
However, no evidence for any propaga- 
ble entity such as phage was found. 

An effort was .made to correlate in 
detail the staining reaction and the F 
status of the coli. An F+ and an F- 
coli were grown in mixed culture, and 
on the basis of some independent 
marker, such as lactose fermentation, 
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clones of the F— type were isolated. 
Twenty such clones were obtained and 
were mated with the appropriate F— 
coli. Twelve of the clones gave recom- 
binant progeny and therefore had been 
converted to F+. The same 12 clones 
gave a positive staining reaction when 
cross-streaked with salmonella. In a 
similar experiment with the mixed 
growth of Hfr and F—, none of the 20 
F— clones that were isolated scored as 
F+ by the mating test, and none gave 
the staining reaction. 

The same pairs described above were 
mated. By using the same set of selec- 
tive markers in each cross, the same 
general classes of recombinant types 
would be obtained. The F+ and the 
Hfr parent were both meth—, while the 
F— parent was thr—, leu—. The selec- 
tion was for independence of these 
growth factors. All but one of the 20 
tested progeny from the F+ cross gave 
the staining reaction when tested with 
salmonella; the progeny of an F+ by 
F— cross are primarily F+ (7). None 
of the progeny of the Hfr cross gave the 
straining reaction when tested with 
salmonella; the progeny of Hfr by F— 
crosses are primarily F— (/). 

One further test was available. F+ 
bacteria can be cured of the F agent by 
treatment with acridine dyes (16). One 
such strain, prepared by Loeb (J0) 
was F— by mating test and also by 
staining reaction. When it was rein- 
fected with the F agent both properties 
were restored. 

The nature of the staining reaction 
is not clear, and as currently accom- 
plished it is difficult to quantitate. There 
is no evidence that any diffusible sub- 
stance is involved, for the staining is 
restricted to the overlap areas. In order 
for it to permit adequate scoring, the 
two bacterial cultures must be inocu- 
lated at approximately equal densities, 
and the final growth must be confluent. 
It is not necessary that it be accom- 
plished on EMB medium. When the 
appropriate bacteria are grown together 
on a nutrient agar and this growth is 
scraped off and the bacteria are sus- 
pended in buffered eosin, the cells stain 
at a pH as high as 7.0. When the stained 
bacteria are observed microscopically, 
the stain forms a polar granule, giving 
the organisms an appearance not un- 
like that of sporulating bacillus. The 
salmonella and coli look quite different, 
and therefore it is certain that the sal- 
monella are stained; some but not all 
of the coli are also stained. As far as 
can be determined the cells are all viable. 
There is no evidence for killing of sal- 
monella by coli cells or vice versa, for 
mixing known numbers of the two 
organisms and determining, in time, 
their relative number show no change. 
The phenomenon would therefore seem 
to involve some surface-to-surface in- 
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teraction which causes sufficient dam- 
age to allow eosin to penetrate the cells 
and stain the acid cytoplasm. In this 
connection it is interesting to note that 
rough salmonella (devoid of somatic 
antigen) stain readily with eosin. 

None of several different F+ coli in- 
teract with F— coli. Of the two Hfr 
available here, only Hfr (Cavalli) in- 
teracts with F— coli, and it does so 
somewhat erratically. All of five dif- 
ferent wild type strains of S. typhi- 
murium interact with F-carrying coli. 
There are two general impressions; first, 
that F— bacteria recently converted to 
F+ interact more strongly than older 
cultures, and second, that Hfr gives a 
more intense reaction than the F+ bac- 
teria. 

From the stained areas obtained by 
mixing F+ coli with LT2 derivatives, 
the bacteria were streaked out and the 
salmonella were tested for staining re- 
action, as it was hoped that an F+ sal- 
monella would be “immune” and would 
not interact. Of 180 individual colonies 
tested, two did not give the reaction with 
F+ or Hfr coli. By all other criteria 
these bacteria were salmonella. They 
gave the typical reactions with sal- 
monella antisera, both flagellar and 
somatic. They had the characteristic 
salmonella fermentation pattern and 
phage sensitivities. These strains were 
cross-streaked with F— coli and al- 
though there was no staining reaction, 
the coli were isolated. A total of three 
of 100 tested gave positive responses 
with wild-type salmonella, and these 
same three mated well with the appro- 
priate F— coli. Thus, the F agent had 
been passed to salmonella and back to 
coli and had retained its capacity to con- 
fer mating ability and the staining reac- 
tion. Similar mixtures of the F+ salmo- 
nella with other differentiable salmonella 
strains gave transmission frequencies of 
the F agent of 25 to 75 percent (loss of 
reactions with Hfr coli), although no 
staining reaction occurred with these 
mixtures. 

Mating of Salmonella. 1) F+ by F-. 
One of the presumptive F+ strains was 
a meth—, his—, gal— derivative of LT2. 
It was mated, by mixed growth, with a 
number of different auxotrophs such as 
a pro—, a try—, and a leu—. In all in- 
stances prototrophs appeared with a 
frequency of about 1 in 1 million of the 
parental cells. The gal marker segre- 
gated among these progeny. The same 
crosses were done with the parent cul- 
ture of the F+ salmonella. Prototrophs 
appeared only at the lower frequencies 
characteristic of the reversion for the 
individual markers. 

Crossing the F+ strain with a cys— 
arab— mtl— mal— gave many proto- 
trophic recombinants of the unselected 
classes. The data are insufficient as yet 
to permit presentation of detailed link- 


age maps, but they are indicative of 
linkages extending over fairly large 
segments of chromosome, the criterion 
by which recombinational and transduc- 
tive phenomenon are most readily 
distinguished. 

F+ strains have been prepared from 
a number of different auxotrophs, and 
in all instances they gave prototrophic 
recombinants when mixed with other 
auxotrophs. 

2) Hfr by F—. Many of the difficul- 
ties which were originally encountered 
in the genetic mapping of E. coli have 
been explained by the assumption that 
all transfers in a mating event occur 
through the intervention of Hfr bacte- 
ria (5). Since the same F+ can give 
rise to different Hfr, the map obtained 
in F+ by F— or F+ by F+ crosses 
would be a composite of different kinds 
of events and except for very small re- 
gions be nonlinear. Therefore, before 
proceeding further with the genetic 
analysis of salmonella, it was necessary 
to determine whether Hfr salmonella 
existed and could be isolated. 

Hfr bacteria were sought by the rep- 
lica plating and indirect selection tech- 
nique of the Lederbergs (17). This pro- 
cedure, which first was used for this 
purpose by Jacob and Wollman (6), 
involves growing of F+ bacteria on a 
petri dish containing a nutrient medium 
and stamping this growth on a selective 
medium which had been previously 
spread with a large number of F— bac- 
teria. Recombinant colonies on the 
selective medium would determine the 
site of any Hfr mutants on the original 
F+ template. This area is then picked 
and since it represents only a fraction 
of the original template thereby in- 
creases the concentration of Hfr cells 
relative to the total. The process is then 
repeated at a lower dilution of plated 
organisms, which allows for bigger in- 
dividual clone sizes (the medium limits 
the total possible growth). Eventually, a 
pure clone can be obtained. The tech- 
nique described above gave primary en- 
richment for Hfr, but no enrichment on 
further transfer. There was no doubt, 
however, that many of the recombinants 
were formed from particular clones of 
the F+ parent. When the F+ was ir- 
radiated with ultraviolet light to give 
about 10“ survivor, prior to plating for 
the original template, relatively stable 
Hfr could be isolated. About 10° sur- 
vivors were plated on individual petri 
dishes and, since the medium supports 
the growth of more than 10" organisms, 
any Hfr induced by irradiation would 
be in a clone of about 10° cells. Since 
its frequency among the population on 
the particular plate would be about 1 
in 10‘ and the average enrichment ob- 
tained by picking congruent sites is 
100-fold, the Hfr is readily isolated in 
the next cycle. Two different Hfr strains 
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have been isolated by using different 
combinations of selective markers. They 
are being analyzed further. 

With regard to the staining reaction, 
neither the Hfr nor F+ salmonella give 
the reaction when mixed with F— 
strains, either salmonella or coli. 

NorTon D. ZINDER 
Rockefeller Institute, New York 
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Suppression of Radiation-Induced 
Tumorization in Fern Prothalli 


Abstract. By quantitative techniques it 
has been shown that the expected tumor 
frequency after x-irradiation of spores of 
the fern Pteridium aquilinum can be re- 
duced by the addition of casein hydroly- 
zate or amino acids to the medium upon 
which the spores are germinated and 
grown into either prothalli or tumors. 


To analyze the process of tumoriza- 
tion and to attempt to characterize it 
in terms of fundamental cellular proc- 
esses, it would seem advantageous to 
study the phenomenon in the simplest 
biological system in which it can clearly 
be recognized. One such system, which 
is perhaps unique in many ways, is that 
of the prothallial or gametophytic gen- 
eration of the fern (J). In Pteridium 
aquilinum (the bracken fern) a readily 
recognizable tumorization occurs spon- 
taneously at a very low rate, but the 
frequency can be increased in response 
to ionizing radiations (2). Although 
certain criteria for the word tumor are 
inapplicable here, since tumor was orig- 
inally defined in the frame of reference 
of more complex biological systems, 
these abnormal growths are considered 
to be tumors in that they are unlimited, 
disorganized growths characterized by 
many cellular changes typical of tumors 
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in higher organisms. At least in the 
lower dose range, the response to ioniz- 
ing radiations is linear, and the spon- 
taneous frequency is increased by ap- 
proximately 100-fold at 15,000 r of 
X-rays applied to dormant spores. This 
process can be quantified quite pre- 
cisely (3). The primary causal event to 
subsequent tumorization is known to 
occur in a single haploid cell, the spore. 
The spores and the resultant prothalli 
and tumors are germinated and grown 
aseptically in vitro on chemically de- 
fined media. 

To study factors involved in tumor- 
ization in this system, experiments were 
performed as follows (4): Spores of 
Pteridium in the dormant condition 
were irradiated at 1000 r/min of un- 
filtered 136-kv x-rays for a total dose 
of 15,000 r. The spores were then 
sterilized and sown either quantitatively 
(3) into petri plates, or semiquantita- 
tively onto agar slants in 25-mm culture 
tubes. The quantitative technique was 
used to assay possible effects on via- 
bility, whereas the more rapid semi- 
quantitative technique was used for 
preliminary and large-scale screening. 
In this latter method, a Carbowax 
suspension of spores was made as for 
the fully quantitative method, but with 
a higher concentration of spores (100 
mg/cm*). Then quantitatively com- 
parable inocula were taken for the 
control and experimental Jots, without 
making actual spore counts, by dipping 
a suitable wire inoculating loop into the 
spore suspension and streaking this onto 
the slanted agar surfaces. It has been 
found that the drop which fills the loop 
contains approximately identical inocula 
in repeated immersions from one spore 
suspension. 

To assay for the effects of additions 
to, or alterations of, the medium, these 
quantitatively similar inocula of x- 
irradiated spores were streaked onto the 
control, or basal, medium and onto the 
experimental media, in rotation. The 
basal medium is essentially a Knudson’s 
mineral salt solution with added minor 
elements, sugar and agar (J); in all 
experiments here described spores were 
grown on 0.25 percent sucrose and 
1.5 percent Difco Bacto-agar. This 
selection of a basal medium was purely 
arbitrary; it was an outgrowth of earlier 
work with the culture of fern prothalli. 
Since the discovery of the phenomenon 
of induced tumorization and all earlier 
quantitative work had been on this 
medium, it was used as a point of de- 
parture for subsequent work. Thus, in 
all experiments the “basal” tumor fre- 
quency is defined as the frequency of 
tumors for each individual experiment 
on this basal or control lot. Experi- 
mental lots are then expressed on a 
percentile basis as compared with the 
control lot. The experimental lots have 


Table 1. Frequency of tumors in prothalli of 
Pteridium aquilinum on various media after 
x-irradiation of dormant spores, expressed as 
percentage of frequency on basal medium. 








Tumor 
Addition to basal medium fre. 

. quency 
(%) 
Casein hydrolyzate, 2.5 ml /lit. (see 5) 42 
Casein hydrolyzate, 5.0 ml /lit. 34 
Synthetic casein hydrolyzate (total)* 34 
Monoaminomonocarboxylic amino acids 52 
Hydroxyamino amino acids 40 
Sulfur-containing amino acids 35 
Benzenoid amino acids 42 
Basic amino acids 82 
Acidic amino acids 96 
Pyrrolidyl amino acids : 40 
NH4NOs, 680 mg /lit. 109 
NH4NOs, 1360 mg /lit. 116 





* Our synthetic approximation of casein hydrolyzate, 
compiled from amino acids obtained from Mann Re. 
search Laboratories, Inc., New York, was made up as 
follows, in milligrams per 100 ml of stock solution, used 
at the rate of 100 ml/lit. of medium: monoamino- 
monocarboxylic: glycine (20), L-alanine (35), L-valine 
(70), L-leucine (100), and L-isoleucine (60); hydroxy- 
amino: L-serine (60) and L-threonine (45) ; sulfur-contain- 
ing: L-cystine (5) and L-methionine (30); benzenoid; 
L-phenylalanine (50), L-tyrosine (60), and L-tryptophane 
(20); basic: L-lysine (70), L-arginine monohydrochloride 
(50) and L-histidine monohydrochloride (30); acidic; 
L-aspartic acid (70) and L-glutamic acid (220); pyrro- 
lidyl: L-proline (80) and L-hydroxyproline (20). 


either this basal medium plus an added 
substance, or, in later experiments, a 
modification of the basal medium. All 
recognizable tumors were counted at 
the end of 6 weeks in culture. 

With this experimental approach, first 
various plant growth hormones (auxins) 
were tested, but with no apparent effect. 
This emphasized the possible magnitude 
of the task if future testing were to be 
done with specific substances. Thus, in 
an attempt to test broader categories of 
substances, casein hydrolyzate (5) was 
among those tested. This was found to 
depress the incidence to as low as 34 
percent of the basal rate in the con- 
centrations used. For further informa- 
tion on this and other results discussed, 
see Table 1. Several replications con- 
firmed this initial observation. Next, to 
determine whether this effect was due to 
the amino acids, a synthetic approxima- 
tion of casein hydrolyzate was made, 
based upon published analyses of casein 
(6). This synthetic “casein hydrolyzate” 
was found to have a similar tumor- 
inhibiting effect, depressing the inci- 
dence to the lowest value observed with 
the original hydrolyzate. Next, the 
component amino acids were arbitrarily 
categorized as to structural types, and 
these groups were tested separately, in 
the same concentrations in which they 
occurred in the total mixture. The 
effectiveness of the groups varied, and 
no one group was quite as effective as 
the total, but the results indicated that 
the effectiveness of the total mixture 
was due to several of the component 
amino acids, and also that the action 
of the various amino acids was more 
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than additive. That is, the separate 
groups tested seemed to be more effec- 
tive than would have been expected. 
The basic and acidic amino acids were 
not significantly effective, whereas all 
other groups had marked _ tumor- 
depressing activity. These results sug- 
gested that although there may be some 
sort of specificity with respect to certain 
amino acids or types of amino acids, 
there also appeared to be nonspecificity 
in that suitable amino acids could 
satisfy most of an apparently general 
requirement. 

To test the effect of simply raising 
the nitrogen level of the medium, the 
addition of ammonium nitrate to the 
basal medium in concentrations suffi- 
cient to double and triple the nitrogen 
supply showed instead a very slight in- 
crease in tumor frequency. To establish 
that the decrease in tumor frequency 
produced by the casein hydrolyzate or 
the amino acid mixture was not simply 
due to a comparable decrease in general 
viability, the fully quantitative method 
was used to determine the viability in 
each treatment. Although the two addi- 
tions to the media did depress viability 
slightly, this was not in proportion to 
the decrease in tumor counts. The 
tumor frequencies, when adjusted to 
percentage viability were: casein hy- 
drolyzate, 57 percent; synthetic “casein 
hydrolyzate,” 47 percent, the basal fre- 
quency being expressed as 100 percent. 
The viability on the casein hydrolyzate 
was 93.5 percent of that on the basal 
medium, and on the synthetic “casein 
hydrolyzate” was 91 percent of the 
basal value. 

It is apparent from these results that 
it is possible in this system to in- 
fluence the frequency of occurrence of 
tumors. Of course, there is no ready 
way to determine at present whether 
the potentially tumorous spores do ger- 
minate on the amino acid-containing 
media. They could either not develop 
at all, or alternatively, they could de- 
velop into normal prothalli. The latter 
case could mean that in the potential 
tumors there is a block in the pathway 
from inorganic nitrogen to —NH, and 
that the amino acids are in effect 
satisfying a continuing deficiency, or 
possibly that the amino acids may be 
necessary just at the start of physiolog- 
ical activity, perhaps to repair radiation 
damage (7). At present, experiments 
are being devised to attempt to establish 
the time relationship of the phenome- 
non. Since the observation of the amino 
acid effect, investigations on inorganic 
nitrogen metabolism have also been 
initiated. Present results show that with 
ammonium as the sole source of nitro- 
gen, tumor frequency is highest, where- 
a with nitrate as the sole source, the 
frequency is lowest, viability on calcium 
nitrate being 93.5 percent of that on 
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a nitrogen equivalent of ammonium 
sulfate. These results would suggest 
further a possible block in nitrogen 
reduction from —NO: to —NH: asso- 
ciated with the initiation of tumors. 
That only a fraction of the total 
expected number of tumors is affected 
by any one treatment would suggest 
that what we recognize as the morpho- 
logical entity “tumor” actually repre- 
sents a whole spectrum of biochemical 
variants. Conceivably, these variants 
may fall into more general categories 
in that they affect certain general 
mechanisms, the dysfunctions of which 
may also have the general morpho- 
genetic manifestation of tumorization. 
CarRL R. PARTANEN 
Children’s Hospital and 
Children’s Cancer Research Foundation, 
Boston, Massachusetts 
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Isolation from Animals of Human 
Strains of Staphylococci during an 
Epidemic in a Veterinary School 


Abstract. Antibiotic-resistant staphylo- 
cocci of the same bacteriophage type were 
isolated from the external nares of asymp- 
tomatic domestic animals and from human 
beings during an epidemic of staphylo- 
coccal disease in veterinary students. Not 
all of the infections could be attributed to 
person-to-person contact; spread could be 
explained also by transmission of staphylo- 
cocci from animals. 


An unusual number of senior stu- 
dents at the Veterinary School of the 
University of Pennsylvania reported to 
the ‘student health service during the 
school year 1956-57 with furuncles, 
cellulitis, deep cutaneous abscesses, and 
paronychiae. A high incidence of in- 
fections continued for the next 2 years, 
and contact infections in students’ 
families were also observed. Cultures 
obtained from the lesions and from the 
external nares of the students yielded 
hemolytic coagulase-positive Staphylo- 
coccus aureus of the bacteriophage type 


52/42B/81 (type 80/81). The strain 
was resistant to penicillin, streptomycin, 
and the tetracyclines and was occa- 
sionally resistant to erythromycin; it 
was sensitive to chloramphenicol and 
novobiocin. 

The external nares of both animals 
and human beings were swabbed with 
dry cotton-tipped sticks, which were 
then rolled on blood-agar plates or, in 
the third animal survey, on saline (7.5 
percent)—mannitol (1 percent) plates, 
and streaked within 1 hour of swabbing. 
After incubation overnight, colonies 
were selected without regard to pig- 
mentation and subjected to the tube- 
coagulase test with human serum. All 
coagulase-positive or mannitol-ferment- 
ing strains were tested with 23 standard 
bacteriophages at the routine test dilu- 
tion (J). 

In May 1957 questionnaires were 
distributed to determine the staphylo- 
coccal morbidity in the school (Table 
1). Thirty-six percent of the seniors 
reported having had lesions during the 
school year. The faculty also reported 
a high incidence (26 percent), but the 
other three classes of students reported 
an incidence less than half that of the 
seniors. Ten of the 11 active lesions 
cultured yielded staphylococci of strain 
80/81. 

Nasal swabbing was also performed 
in May 1957 (Table 1); 46 percent of 
the seniors carried strain 80/81 staphy- 
lococci, whereas the carrier rate in the 
other five groups was 14 percent or less. 
Two of the four employees who were 
carriers were stablemen, and two were 
office workers. The two faculty carriers 
and other faculty members who later 
became carriers all worked in the ani- 
mal clinics. 

During the next school year (1957- 
58) nasal swabbing of the 46 new 
seniors was repeated regularly to deter- 
mine the source of infection. Five 
seniors were carriers of the 80/81 
strain in September 1957; only one of 
these had been a carrier as a junior. 
The other four students had worked in 
the school during the summer. Ten 
other seniors became carriers before 
the end of the school year. Lesions 
developed in all but two of these 15 
students. All six of the lesions cultured 
yielded 80/81 staphylococci. Analysis 
of the dates on which students were 
first shown to be carriers revealed that 
they became carriers shortly after 
they had been in a work group which 
included a student with an active lesion. 

A second morbidity survey and pro- 
gram of nasal swabbing of the students 
during the school year 1958-59 (Table 
1) showed, as the first had, that the 
current seniors most frequently gave 
a history of a recently acquired lesion 
and most frequently carried the 80/81 
strain. In February 1959 no isolation 
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nasal swabbing (5). 


Table 1. Number of lesions and number of carriers of strain 80/81 staphylococci as determined by 




















Lesions Strain 80/81 in nose 
Group May 1957 Sept. 1958 May 1957 Feb. 1959 

N* % N* % N* % N* % 
Seniors 13 /36 36 11/40 28 21 /45 46 10 /47 21 
Juniors 5/42 12 6/39 15 2/46 4 0/34 0 
Sophomores 7/40 17 2/47 4 0/45 0 0/52 0 
Freshmen 5/46 11 5/53 10 2/51 4 0/41 0 
Faculty 5/19 26 2/25 8 
Employees 4/29 14 
Entire group 35/183 19 24/179 13 31/241 13 10/174 6 





* Numerator, number yielding positive cultures; denominator, number surveyed or cultured. 


Table 2. Isolation of strain 80/81 staphylococci from the external nares of animals in three surveys 











in 1959. 
Totals for 
No. of seams No. of 80/81 
Animals mee Stet 80/81 isolations 
cultures positive Re 
: : isolations 
isolationst Nt we 
+ 70 
Cows 8,8,6 0,1 0,1,0 1/22 4 
Horses 10,10,17 0,3 0,1,2 3/37 8 
Goats 17,6,8 8,1 3,0,0 3/31 10 
Sheep 7,4,0 1,0 0,0 0/11 0 
Cats 6,0,0 2 0 0/6 0 
Dogs 38,23,42 19,10 6,4,5 15/103 15 
Entire group 210 45 /137t 22 22/210 10 





* The results of surveys 1, 2, and 3 are given in order. + Results of surveys 1 and 2 only. { Numerator, number of 


positive isolations; denominator, number of cultures. 


of 80/81 staphylococci was made in 
the other three classes; however, the 
prevalence of carriers among the seniors 
was 21 percent. 

Because the veterinary students first 
work regularly in the animal clinics 
when they are seniors, cultures were 
obtained from animals in the hospital. 
Sporadic culturing of lesions in animals 
resulted in the isolation of typable 
staphylococci on three occasions (type 
80/81 in each case), from lesions of 
canine dermodectic mange, from a car- 
buncle in a dog, and from the milk of 
a cow with mastitis. Random swabbing 
to detect carriers among 4 cows, 17 
horses, 4 sheep, and 7 goats in 1957 
did not yield typable strains. 

Swabbing of the external nares of 
animals was repeated three times in 
1959 (Table 2). Coagulase-positive 
staphylococci were isolated from 33 
percent (45/137) of the animals cul- 
tured in the first two surveys. Type 
80/81 staphylococci were isolated from 
4 percent of the cows, 8 percent of the 
horses, 10 percent of the goats, and 
15 percent of the dogs in the three 
surveys. The strain ‘vas not isolated 
from a small number of sheep and 
Cats. 

The only other types isolated were 
type 7 from three dogs, types 7/47/ 
53/54/75/77/VA4 and 7/42E/47/ 
54/73/75 from two other dogs, and 
type 3B/6/7/42E/54/73/75 from a 
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horse. Only one animal, a dog, had a 
lesion from which type 80/81 was 
isolated. There was no evidence of 
enzootic or epizootic staphylococcal 
disease in the veterinary hospital during 
the study. 

Two of the animals that carried 
80/81 staphylococci had _ recently 
entered the hospital; a dog was found 
to harbor the microorganisms on its 
third day in the hospital, and a horse, 
on its first day in the hospital. Findings 
were positive for other animals on the 
13th, 15th, and 26th day in the hos- 
pital, respectively. Thus, newly ad- 
mitted animals as well as long-term 
residents were shown to be carriers of 
80/81 staphylococci. 

The isolation of strain 80/81 from 
asymptomatic animals in association 
with outbreaks in human beings has 
not been reported previously, but 
sporadic isolations of types of staphylo- 
cocci that infect human beings have 
been made from animal lesions (2). 
Perhaps the epidemic under discussion 
was perpetuated by person-to-person 
spread exclusively. In this event the 
staphylococci found in the animals may 
merely reflect general environmental 
contamination with the organisms, or 
colonization of the nares without epi- 
demiologic significance. The isolation 
of 80/81 staphylococci from employees 
who did not handle animals suggests 
that person-to-person spread did occur. 






On the other hand, the concentration 
of lesions and carriers in three succes. 
sive senior classes seems to suggest an 
additional mode of transmission. The 
localization of illness in the only clas 
to have close contact with animals and 
the use of antibiotics in large amounts 
in the veterinary hospital raised the 
possibility that the animals were 4 
reservoir for antibiotic-resistant, patho- 
genic staphylococci that could infect 
students. A student with a lesion might 
act as a source of infection for animals, 
which would then transmit the organism 
to other students. 

Lack of evidence of association with 
recently hospitalized persons or new- 
born infants such as is commonly found 
in outbreaks of staphylococcal disease 
suggested that this epidemic might rep- 
resent a major infiltration of “hospital” 
staphylococci into the community at 
large. On the other hand, another in- 
stance of human staphylococcal disease, 
apparently due to the 80/81 strain, at 
a second veterinary school (3) suggests 
that persons in veterinary hospitals may 
be subject to increased hazard of sta 
phylococcal infection. In this second 
outbreak, 44 percent of the lesions 
were reported by seniors; most had 
occurred 1 to 6 months earlier. No 
relation between the epidemic among 
veterinary students and association with 
human hospital patients was found, nor 
was this second epidemic related to an 
epizootic. 

These findings have potential experi- 
mental significance. Induction of the 
carrier state in animals would be of 
value in elucidating their role in the 
spread of pathogenic staphylococci. 
This would provide a useful model to 
study the relation between pathogenic 
staphylococci and their hosts (4). 

JOSEPH S. PAGANO, 
SANFORD M. FARRER, 
STANLEY A. PLOTKIN, 
PHILIP S. BRACHMAN, 
F. ROBERT FEKETY, VERN PIDCOE 
Wistar Institute and Department of 
Research Medicine, University of 
Pennsylvania; Communicable Disease 
Center, U.S. Public Health Service; 
Department of Health, Commonwealth 
of Pennsylvania, Philadelphia 
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Increased Incidence of Nontasters 


of Phenylthiocarbamide among 


Congenital Athyreotic Cretins 


Abstract. The incidence of nontasters 
for phenylthiocarbamide was found to be 
significantly higher in 27 athyreotic cretins 
than in normal adults and children. A 
significant increase of nontasters among 
the parents and siblings of these cretins 
was also found. These findings are dis- 
cussed in relation to maldevelopment of 
the fetal thyroid in nontaster genotypes. 


The ability to taste phenylthiocarba- 
mide is an example of a human genetic 
polymorphism (J) with most of the 
observed variations in taste thresholds 
being accounted for by simple mono- 
genetic recessive inheritance (2). Non- 
tasters are homozygous for the recessive 
allele (tt) and tasters are homozygous 
(TT) or heterozygous (Tt) for the 
dominant allele. 

In 1942 Richter and Clisby (3) 
showed that phenylthiocarbamide was 
associated with hypertrophy of the rat 
thyroid, and a higher than normal in- 
cidence of nontasters was later observed 
in patients with nontoxic goiters (4). 
This relationship of thyroid disease to 
taste response prompted the following 
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Fig. 1. Threshold dilutions of phenylthio- 
carbamide for the members of three 
groups. Dilutions 1 to 4 designate a non- 
taster; dilutions 5 to 14, a taster. 
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investigation of congenital cretins and 
their families. 

The patients studied were all thor- 
oughly documented examples of spo- 
radic athyreotic cretinism, which is the 
most common cause of hypothyroidism 
in childhood. In 24 of the 31 cases 
studied, either a serum protein bound 
iodine or an J*31 accumulation, or both, 
supported the diagnosis. Such children 
have congenital absence of the thyroid 
gland, and within 4 to 12 weeks after 
birth they exhibit marked decrease in 
growth rate and physiological evidence 
of hypothyroidism. Although rare ex- 
amples of recurrence of the condition 
within the same sibship have been re- 
ported, there is no evidence that the 
condition is inherited. 

The parents and adult controls were 
tested with 14 concentrations of phenyl- 
thiocarbamide according to the method 
of Harris and Kalmus (5). Their thresh- 
old was the weakest concentration at 
which they were able to differentiate 
four beakers of water from four beakers 
of the test concentration. The testing 
of children and infants was carried out 
by serially increasing the concentration 
until the bitterness was detected. This 
was repeated in most cases until the 
threshold was established by three 
responses at the same concentration. 
Within the childhood controls there 
was no significant difference in thresh- 
old with age, and the distribution was 
similar to that of the adults. Over 95 
percent of the patients and controls 
were of European ancestry. 

The results are shown in Fig. 1 and 
are expressed by threshold concentra- 
tion tasted. Dilution 1 is 1300 mg/liter, 
and each subsequent number is one-half 
the strength of the preceding concentra- 
tion. The histogram for the controls is 
shown in Fig. 1A and exhibits bi- 
modality. For purposes of this study, 
the dividing line between taster and 
nontaster was placed between concen- 
trations 4 and 5. 

By utilizing clinical material from 
other pediatric endocrine clinics (6), 
30 families containing 31 cretins were 
tested by the same observer, and all but 
four cretins could be tested accurately. 
It was found that 18 were nontasters 
and nine were tasters, as compared to 
the control group of 29 nontasters and 

104 tasters. This is a significant dif- 
ference (x? = 22, D.F. = 1, P = < 
.001). Thirty of the mothers were 
tested and 15 were nontasters, and of 
the 27 fathers tested, 12 were non- 
tasters. Of the 29 unaffected siblings 
who were available for study, 18 were 
nontasters. The incidence of nontasters 
among parents and siblings of cretins 
as compared to normal is significantly 
increased (x? = 21.6, D.F. = 1, P = 
<° 001). 





The demonstration of an association 
between nontasters for phenylthiocarba- 
mide and athyreotic cretins raises the 
question as to the nature of the gene- 
environmental interaction involved in 
the development of this form of cre- 
tinism. It is well known that goitrogenic 
thiocarbamide substances are found in 
food (7), and it is possible that non- 
taster fetuses may be susceptible to 
embryonic thyroidectomy by these 
chemicals. The time, dosage, and dura- 
tion of exposure of the fetus to ma- 
ternally ingested goitrogens would most 
likely be critical, and variations in these 
factors could explain the fact that most 
of the nontasting siblings of cretins are 
normal. 

If the preceding hypothesis is correct, 
one would expect a lower incidence of 
athyreotic cretinism among populations 
(for example, Chinese and Negro) 
where the incidence of nontasting is 
low or in countries where the diet 
contains minimal amounts of thio- 
carbamides (8). 

Tuomas H. SHEPARD, II 
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Rewarding Properties of 
Intracranial Stimulation 


Abstract. Monkeys can be trained to 
press a lever to obtain intracranial brain 
stimulation on a large fixed-ratio schedule 
as well as on a continuous reinforcement 
schedule. A long extinction curve appears 
to be indicative of a future high fixed-ratio 
performance. 


Previous reports by Olds and Milner 
(1) and Seward, Uyeda, and Olds (2) 
have indicated that behavior rewarded 
by intracranial stimulation has a low 
resistance to extinction. Schedules of 


929 





intermittent reinforcement which require 
a certain resistance to extinction to meet 
the reinforcement contingency have 
been reported for low levels of inter- 
mittency. Sidman and his co-workers 
(3) showed that cats could be trained on 
a fixed ratio of 8 (every eighth response 
was rewarded), but this degree of inter- 
mittency is small in comparison to the 
ratios of 100 or more that can be pro- 
duced routinely with food reinforce- 
ment (Ferster and Skinner, 4). 

In view of the low resistance to ex- 
tinction and the low levels of intermit- 
tency which have been reported when 
intracranial stimulation was used as a 
reward, it might appear that intracranial 
stimulation is a rather weak and ineffec- 
tive reward. It is the purpose of this 
study to demonstrate that this is not 
necessarily the case. 

Bipolar stainless steel electrodes, 0.25 
mm in diameter, were implanted stereo- 
taxically in 11 monkeys (Macaca mu- 
latta). The Horsley-Clark coordinates 
(Labtronics instrument) were A-16, L-3, 
and H + 3, and were calculated to place 
the electrode tip in the vicinity of the 
medial forebrain bundle. Rectangular 
pulses, of 0.2 msec duration, 100 pulses 
per 0.5 second, were obtained from a 
Tektronix 162 waveform generator and 
161- pulse generator which drove a 
cathode-follower output stage. The out- 
put from the cathode follower was fed 
to the electrodes through a General 
Radio isolation transformer, The cur- 
rent was monitored on a Tektronix 360 
oscilloscope for each train of pulses, 
and the current usually employed was 
3 ma. 

After the operation, the monkeys 
were placed in a primate restraining 
chair and 2 days after the operation 
they were trained to press a telegraph 
key to obtain brain stimulation. After 
one session on a continuous reinforce- 
ment schedule (each lever press pro- 


duced a brain stimulation), the animals 
were put onto a fixed ratio schedule, 
FR-5, which was gradually increased to 
FR-20. After at least a 1-hour session 
on FR-20, the current was turned off 
and the animal was allowed to work 
until the rate of lever pressing fell below 
50 lever presses in a 15-minute period. 
In succeeding sessions intracranial stim- 
ulation reward was reinstated and the 
fixed ratio was increased to the point 
where postreinforcement pauses of sev- 
eral minutes were obtained. 

Eight of the 11 monkeys learned to 
press the lever to obtain brain stimula- 
tion. All of these animals held a fixed 
ratio of 10, and seven of them held a 
ratio of 20. Four of the monkeys worked 
for brain stimulation on fixed ratios of 
50 or greater. The highest ratio obtained 
was FR-150 in one monkey (Fig. 1D) 
and high rates of responding were main- 
tained on this ratio for seven sessions 
which lasted a total of 20 hours. The 
effect on this monkey’s behavior of in- 
creasing the ratio is illustrated in Fig. 
1A to 1D. 

In the extinction test, the four mon- 
keys produced 342, 845, 4316, and 9129 
responses before the extinction criterion 
was met. In subsequent experiments the 
highest ratios these animals would hold 
were FR-50, 100, 100, and 150 respec- 
tively. The extinction record for the 
FR-150 monkey is shown in Fig. 1E. 
The other four monkeys stopped re- 
sponding after less than 100 lever 
presses when the current was turned 
off. None of these animals could be 
trained to hold a fixed ratio greater than 
20. It appears that the length of the 
extinction record is indicative of the 
future fixed ratio performance of the 
animal for intracranial stimulation re- 
ward. 

The results from half of the animals 
were consistent with previous reports in 
the literature in showing rather weak 
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Fig. 1. Panels A through D show the effect of increasing the fixed ratio. The peak rate 
of 12,000 an hour was obtained on FR-100. At D with FR-150, a “strained ratio” was 
produced, characterized by long post-reinforcement pauses. Panel E illustrates the ex- 
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reinforcing properties of intracranial 
stimulation. However, the results from 
the other animals show that intracranial 
stimulation can maintain lever-pressing 
behavior on rather intermittent sched. 
ules of reinforcement and can generate 
a large number of extinction responses, 
These data are similar to those obtained 
by Ferster and Skinner (4) with food 
reinforcement. Thus, the data indicate 
that intracranial stimulation with a par- 
ticular electrode placement can act as 
a strong and effective reinforcement. 
Davip A. BropiE, OscAaR M. MORENO, 
JERRY L. MALIs, JOHN J. BOREN 
Merck Institute for Therapeutic 
Research, West Point, Pennsylvania 
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Heterogeneity of Human 
Ceruloplasmin 


Abstract. Subfractionation of purified 
human ceruloplasmin, prepared from 
plasma of 9109 donors, has been carried 
out by chromatography on columns of 
diethylaminoethyl cellulose and hydroxyl- 
apatite. Electrophoretic analyses of these 
subfractions on starch gels, at pH 8.5 and 
5.7, reveal the presence of at least four 
ceruloplasmins, two of which appear to 
differ in histidine content. 


Hemoglobin (/), transferrin (2), hap- 
toglobin (3), albumin (4), and isohemag- 
glutinins of the proteins of human blood 
have each been shown to exist as two 
or more genetically determined molec- 
ular species. The electrophoretic analy- 
ses of Uriel (5) and the chromato- 
graphic separations of Broman and of 
Sankar (6) have indicated that human 
ceruloplasmin, the plasma copper pro- 
tein, is also heterogeneous with respect 
to its molecular composition. By means 
of chromatography on calcium phos- 
phate and diethylaminoethyl cellulose 
columns and by electrophoresis on 
starch gel we have been able to show 
that at least four different molecular 
species of ceruloplasmin are present 
in a purified preparation of this protein 
made from pooled plasma of 9109 
donors (7). 

The deep-blue preparation of cerulo- 
plasmin used, CH-181 (7), contained 
2.2 mg of protein, on the basis of nitro- 
gen analysis, and 58.2 wg of copper per 
milliliter. To 3.0 ml of this ceruloplas- 
min solution was added 30.0 ml of a 
0.05M phosphate ‘buffer of pH 6.4. 
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All of the resulting solution was passed 
through a column of calcium phosphate 
(hydroxylapatite) (8). The ceruloplasmin 
was adsorbed and was visible as a blue 
band at the top of the column. After 
thorough washing with a 0.05M phos- 
phate buffer of pH 6.4, elution with a 
0.15M phosphate buffer of the same 
pH was carried out. The effluent, which 
was intensely blue, was termed fraction 
I. When measurements of the optical 
density of the effluent at 280 my indi- 
cated that no more protein was being 
eluted, a 0.4M phosphate buffer of pH 
6.4 was run through the column. The 
effluent protein solution was intensely 
blue and was termed fraction II. After 
a second adsorption on, and elution 
from, calcium phosphate, each chroma- 
tographic fraction could be shown, by 
electrophoretic analysis of the type 
described below, to be substantially free 
of the other. 

Fractions I and II, as solutions of the 
same optical density at 280 mp, were 
compared with respect to copper con- 
tent (9), blue color (9), oxidase activity 
toward paraphenylenediamine (/0, //) 
and exchangeability of protein-bound 
copper with ionic copper-64 (//). By 
these criteria the two fractions were 
indistinguishable, as is shown in Table 1. 

We subfractionated fraction II, since 
we had found this made the electro- 
phoretic distinction between the four 
types of ceruloplasmin clearer. Frac- 
tion II was diluted eightfold with water 
and adsorbed on a column of diethyl- 
aminoethyl cellulose (/2) which had 
been previously equilibrated with a 
0.05M phosphate buffer of pH 6.4. 
Elution with this same buffer, contain- 
ing 0.15M NaCl, yielded a blue effluent, 
fraction II-1. When the effluent was 
free of ceruloplasmin, further elution 
with the same phosphate buffer, but 
now 0.30M in NaCl, resulted in a blue 
fraction I[-2. 

Vertical electrophoresis of fractions 
I, Il-1, and II-—2 was carried out, ac- 
cording to the method of Smithies (73), 
on a starch gel made with a borate 
buffer of 0.01 ionic strength, pH 8.5, 
and on a starch gel made with an 
acetate buffer of 0.01 ionic strength, 
pH 5.7. Fifty-microliter samples of 
each fraction were applied at the start- 
ing slits. A potential (of 170 volts for 
the borate gel, and 250 volts for the 
acetate gel) was applied for 19 hours at 
room temperature. On completion of 
the run, each gel was sliced into two 
layers, and strips of heavy filter paper, 
saturated with a solution of 0.5 percent 
paraphenylenediamine dihydrochloride 
in an acetate buffer of ionic strength 
10, pH 5.1, were placed on the cut 
surfaces for 1 minute. The gels were 
placed in a closed, moist chamber and 
allowed to stand for 1 to 3 hours at 
toom temperature. The appearance of 
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Table 1. Comparative chemistry of solutions of chromatographically separated fractions I and II of 


ceruloplasmin CH-181. 








Relative Blue Enzymatic 
——. Copper color (9) activity (J0,11) Cu 
concentration content (9) (AO.D.1e") (0.D.'™ /min)* h ll 
(O.D.1<~) (ug /ml) couse er oe exchange (//) 
280 
Fraction I 
0.468 0.83 0.0196 0.0258 Yes 
Fraction II 
0.465 0.85 0.0198 0.0258 Yes 








* Based on oxidative darkening of paraphenylenediamine, which is catalyzed by ceruloplasmin. 


dark purple bands indicated the sites to 
which the ceruloplasmins had migrated. 

Figure 1 shows that according to the 
electrophoretic analyses carried out at 
PH 8.5, fractions I and II-1 each con- 
sist of one component. Electrophoresis 
of fraction H-2 at pH 8.5, however, 
revealed three ceruloplasmin bands with 
the ceruloplasmin of intermediate 
mobility constituting the greater part 
of the oxidase activity of this fraction. 
That these five bands represent four 
different ceruloplasmins is seen when 
the results of the experiments run at pH 
5.7 are also considered. Thus, first, 
fraction I and fraction Il-1, which 
could not be distinguished at pH 8.5, 
have grossly different mobilities at pH 
5.7. Second, the component of fraction 
II-2 which, according to its mobility 
at pH 8.5, could be either fraction I 
or fraction II—1 is seen, by its behavior 
at pH_ 5.7, to be fraction II-1 which 
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had not been completely removed from 
fraction II-2. The four ceruloplasmins 
are, therefore, fraction I, fraction II-1, 
and the two slowest components of 
fraction IIl-2. To simplify the nomen- 
clature, we propose to call the cerulo- 
plasmin of fraction I, which preliminary 
observations have shown to be the 
largest single component of almost all 
individual sera, C; that of fraction II-1, 
D,; and the two slowest components 
of fraction II-2, D, and D., in order 
of decreasing mobility at pH 8.5. These 
terms are closely, although not exactly, 
analogous to those chosen by Smithies 
(2) for the human transferrins. 

Similar electrophoretic analyses were 
performed on ceruloplasmin solutions 
prepared from ten individual sera only 
by means of the mild treatment in- 
volved in chromatography on diethyl- 
aminoethyl cellulose (/2). The results, 
which also indicated that the different 


pH 5.7 
Re 
| 1-1 1-2 








v 


Fig. 1. Electrophoresis at pH 8.5 and 5.7, on starch gels, of ceruloplasmin fractions I, 
II-1, and II-2. The starting slits are located at the level of the horizontal line at the 
top of the vertical arrow, which points in the direction of migration, toward the anode. 
The position of the faint third band of fraction II-2, at pH 8.5, is indicated by the 
jagged arrows. At pH 5.7 there is considerable trailing of the ceruloplasmins. The 
greater fuzziness of the bands at this pH may, however, also be due in part to further 
unresolved heterogeneity, particularly in fraction II-2. 
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mobilities discussed above are not arti- 
facts of the fractionating procedures 
(7) used to prepare ceruloplasmin CH- 
181, showed that eight of these in- 
dividual preparations contained at least 
three ceruloplasmins and two of them 
contained at least two ceruloplasmins. 
In view of these experiments on in- 
dividual sera, it seems probable that the 
differences in electrophoretic mobility 
that we have demonstrated in the four 
ceruloplasmins derived from pooled 
plasma are due to differences in the 
content of charged amino acid residues 
in the native ceruloplasmins. Such a 
correlation between mobility and amino 
acid composition has been found for 
several of the human hemoglobins (J). 
Indeed, our results suggest that cerulo- 
plasmin D, possesses a greater number 
of histidine residues than ceruloplasmin 
C, since (i) both ceruloplasmins have 
virtually the same mobility at pH 8.5 
but ceruloplasmin D, is distinctly slower 
than ceruloplasmin C at pH 5.7; (ii) 
both ceruloplasmins are anionic at each 
of these pH values (9); and (iii) histidine 
is the only charged amino acid residue 
titrated appreciably between pH 8.5 
and 5.7 (14). On the basis of what is 
known of hemoglobin, it appears that 
such differences in structure in cerulo- 
plasmin are likely to be genetic in 
origin (75). 
ANATOL G. MORELL 

I. HERBERT SCHEINBERG 
Albert Einstein College of Medicine, 
Bronx, New York 
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Isolation of a Bacteriophage 
Specific for the F+ and Hfr Mating 
Types of Escherichia coli K-12 


Abstract. Seven phage stocks have been 
prepared from a sample of sewerage. The 
stocks grow only on the F+ and Hfr mat- 
ing types of Escherichia coli strain K-12. 
This specificity is not shared by any pre- 
viously characterized phage which was 
tested. The specificity of one of the isolates, 
fl, has been well correlated with the 
salmonella cross-streak test described by 
Zinder. | 


The bacteria Escherichia coli have 
been shown to consist of three mating 
types: F—, F+, and Hfr (/, 2). F— 
strains serve as recipients for genetic 
material donated by F+ or Hfr strains 
during conjugation. F+ and Hfr strains 
differ in two respects: First, under 
proper selective conditions Hfr strains 
display a higher frequency of recombi- 
nation with F— strains than do F+ 
strains. Second, F+ strains possess a 
highly infective F agent capable of con- 
verting F— strains to the F+ mating 
type. This agent is not detectable in 
Hfr strains. Thus, matings of Hfr and 
F— strains result in F— progeny (or 
Hfr progeny under certain conditions), 
while the progeny of F+, F— matings 
are F+. It is possible to eliminate the 
F agent from F+ strains with chemical 
agents, thus converting these bacteria 
to the F— mating type (3). 

There are also differences in the phys- 
iology of F+ (or Hfr) and F— bac- 
terial cells. F+ cells show a greater 
tendency to autoagglutinate, agglutinate 
at a higher pH, and are more easily 
stained with acid dyes than the corre- 
sponding F— cells (4). Furthermore, 
Zinder has described a “staining” in- 
teraction between E. coli and Salmonella 
typhimurium and between E. coli and 
E. coli which distinguishes F— from F+ 
or Hfr bacterial mating types (5). 

In view of the above observations, it 
seemed reasonable to search for a bac- 
teriophage capable of distinguishing F— 
from F+ and Hfr mating types. This 
report describes the isolation and test- 
ing of such a phage. 

The following mutant strains of E. 
coli K-12 were used [prepared as de- 
scribed by Lederberg (/)]: 58-161 (F+), 
Hfr (Cavalli), and Y-10 (F—). The 
pertinent characteristics of these strains 
are as follows: 58-161 and Hfr (Cavalli) 





are capable of lactose fermentation 
(lac+) but are unable to grow in the 
absence of methionine (meth—); Y-10 is 
incapable of lactose fermentation (lac—) 
and requires threonine, leucine, and 
thiamine for growth (thr—, leu—, thi-), 
Two strains of salmonella were used: §, 
typhimurium LT 2 and LT 2 F+ (LT? 
infected with the F agent of E. coli K- 
12 (5). Other bacterial strains which 
were used are described in the text 
where appropriate. Various bacterio. 
phages were used and are described in 
the text where appropriate. 

The media used have been described 
by Lederberg (J). In particular broth 
agar, minimal agar, and eosin methylene 
blue agar with lactose (EMB lac) and 
without sugar (EMB 0) were employed, 

Phage plating was done by the method 
of Adams (6). Also cross-streaking of 
bacteria with phage on EMB 0 pro 
vided a sensitive test for bacterial sus- 
ceptibility. 

The mating type of a bacterial strain 
was determined by mixing the strain 
with F— bacteria auxotrophic for nu- 
trients complementary to the deficiencies 
of the strain being tested. The produc. 
tion of colonies by this mixture when 
spread on minimal agar indicated the 
mating type to be either F+ or Hfr (J). 

Mating types were also determined 
by cross-streaking against S. typhi- 
murium LT 2 on EMB 0 following the 
method of Zinder (5). 

In order to isolate a phage with the 
required characteristics it was necessary 
to obtain two strains of E. coli K-12 
identical in all respects but mating type. 
To accomplish this it was decided to 
“cure” an F+ strain by the method of 
Hirota (3). Acriflavine was added to a 
saturated broth culture of 58-161 (F+) 
to a final concentration of 1 mg/ml. 
After 2 hours at 37°C, the culture was 
washed and streaked on broth agar. A 
clone (labeled 58-161 F—) was isolated 
which was incapable of colony produc- 
tion when mixed with Y-10 (F—) on 
minimal agar (J). Clones 58-161 and 
58-161 F— were found to be identical 
in all respects other than mating type. 

To test the possibility that some pre- 
viously isolated phage would distinguish 
mating types, the following phages were 
spotted on plates seeded with 58-161 or 
58-161 F—: T1, T2, T3, T4, T5, T6, 
T7, C16, lambdal, P22, P22V, phi, P2, 
and megatherium T. An identical pat- 
tern of susceptibility, and resistance was 
displayed by the two strains. 

To isolate and characterize a phage 
that grows only on F+ and Hfr strains 
of E. coli K-12, sewer water was cen- 
trifuged and sterilized with chloroform; 
nutrient broth was added to preserve 
phage. Forty-eight plaques were isolated 
from a plating of this solution on 58-161 
F— and 90 plaques from plates seeded 
with Y-10 (F—). The spotting of these 
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isolates on 58-161 and 58-161 F— pro- 
duced an identical pattern of suscepti- 
bility and resistance. Twenty-four 
plaques were isolated from a plating of 
sewer water on 58-161 (F+) and 90 
plaques from plates seeded with Hfr 
(Cavalli). Seven of the isolates spotted 
on 58-161 but not on 58-161 F-. 
Stocks were prepared from these isolates 
(labeled fi, £2, and so on), and each 
was titrated on 58-161 (at no dilution 
did plaques appear on 58-161 F—). 

Although enough experiments have 
been performed with each of the above 
stocks to assure that they all distinguish 
F+ from F— strains, the following tests 
refer to one stock only, f1. 

To determine the sensitivity of vari- 
ous bacteria to f1, f1 was cross-streaked 
on EMB 0 agar against 21 strains of 
E. coli K-12 of various genotypes and 
mating types. Each of seven F— strains 
tested was resistant, whereas nine F+ 
and four Hfr strains were sensitive. A 
derivative of Hfr (Cavalli) mating less 
efficiently than the parental strain was 
resistant to f1, an exception also demon- 
strated by cross-streaking against S. 
typhimurium, Cross-streaks against the 
following strains of E. coli were all 
negative: E. coli B, E. coli Raper, E. 
coli Wilson, Wg 35 A, W 52 A, and Wg 
4A (N8) [the latter three coli strains 
were isolated by Bernstein (7)]. Cross- 
streaks against the following bacteria 
were also negative: S. typhimurium LT 
2, LT 2 F+, Shigella sonnei, Shigella 
dysenteriae, and Aerobacter aerogenes. 

The fl phage appears to be highly 
specific for the F+ and Hfr mating 
types of E. coli K-12. This notion is 
supported by the following experiments. 

1) The first experiment was concerned 
with the transfer of F from E. coli to 
E. coli. F— bacteria become F+ when 
grown in mixed culture with F+ strains. 
On the other hand, F— strains remain 
F— when grown with Hfr bacteria. In 
either case the original F— population 
can easily be reisolated by using some 
sugar fermentation as a_ differential 
marker. This experiment offers an excel- 
lent opportunity to demonstrate that 
sensitivity to phage f1 is correlated with 
the F+ mating type. 

After growth of Y-10 (F—, lac—) 
with either 58-161 (F+, lac+) or Hfr 
(Cavalli) (lac+), the mixtures were 
diluted and plated on EMB lactose 
agar. Twenty-one lactose-negative colo- 
nies were isolated from the 58-161, Y- 
10 plates; these were fl sensitive and 
F+ (as shown by an ability to mate with 
the appropriate F— strain). Ten lactose- 
negative colonies were isolated from the 
Hfr (Cavalli), Y-10 plates; these were 
fl resistant and F— (demonstrated as 
above). 

2) The second experiment was con- 
cerned with the transfer of F from S. 
typhimurium to E. coli. The design of 
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this experiment was exactly like that of 
the coli to coli F transfer. LT 2 F+ and 
Y-10 (F—), two strains resistant to fl, 
were mated. One hundred clones were 
isolated and tested for mating type by 
cross-streaking against S. typhimurium 
(5). Of these isolates, 18 selected clones 
were also tested for susceptibility to f1. 
Three of these gave positive cross- 
streaks against f1 and S. typhimurium, 
and 15 gave negative cross-streaks in 
both tests. Thus, the phage test and 
salmonella test are perfectly correlated 
(8). 

Tim LoEB 
Rockefeller Institute, New York 
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Esters Produced by 
Chalaropsis thielavioides 


Abstract. Chalaropsis thielavioides, a 
filamentous fungus, produces a characteris- 
tic ester-like aroma on potato dextrose 
broth. By gas-liquid chromatographic tech- 
niques, the major aroma-producing sub- 
stances have been identified as isobutyl 
and ethyl acetate. Lesser amounts of 
isoamyl acetate, ethanol, and methanol 
were also present. 


The formation of esters by filament- 
ous fungi has not been extensively in- 
vestigated. Gordon (J) reported the 
production of ethyl acetate by Endo- 
conidiophora moniliformis. Penicillium 
digitatum also synthesizes ethyl acetate 
(2). The formation of isobutyl acetate 
and methylheptenone by Endoconidio- 
phora coerulescens has been reported by 


Morgan (3). Other esters synthesized by 
filamentous fungi include methyl-p- 
methoxy cinnamate (4, 5), methyl cin- 
namate (4), and methyl anisate (6). 
Longree (7) noted an odor resembling 
that of isobutyl acetate emanating from 
her cultures of Chalaropsis thielavioides. 
Her observation, however, was not con- 
firmed by analysis of the culture vola- 
tiles. 

In the spring of 1958 C. thielavioides 
Peyrn. was isolated from dogwood graft 
failures. During the initial study it was 
noted that cultures of this organism 
produced a_ characteristic ester-like 
aroma. The purpose of the present study 
was to identify the volatile constituents 
responsible for the aroma. 

On culturing the organism in various 
natural media, the production of the 
characteristic aroma appeared to be best 
in potato dextrose broth cultures shaken 
continuously during incubation. There- 
fore, 25 250-ml erlenmeyer flasks each 
containing 75 ml of this medium were 
inoculated and incubated on a shaker at 
room temperature until a strong aroma 
could be detected emanating from the 
flasks. This generally took from 4 to 5 
days. The cultures were then pooled 
aseptically in a 5-lit. round-bottom flask, 
and this was connected in a gas-train 
apparatus. The train included flasks for 
sterilizing and moistening the air before 
passing it over the cultures and a series 
of four traps, one cooled with wet ice 
and alcohol and three with dry ice and 
alcohol, for condensing the volatiles re- 
moved from the cultures. 

In different trials air was passed over 
the cultures for periods varying from 
18 to 40 hours. The cultures were 
agitated during aeration by a magnetic 
stirring bar. During the longer collect- 
ing periods, several milliliters of con- 
densate reached the second dry-ice- 
alcohol trap and appeared as two layers. 
In some experiments the condensate was 
extracted with ether, and the ether was 
removed by careful distillation; in 
others, drying the volatiles over anhy- 
drous sodium sulfate provided sufficient 
material for satisfactory analysis. 


Table 1. Gas-liquid chromatographic analysis of the volatiles produced by Chalaropsis thiela- 


vioides in potato dextrose broth. 

















Retention time Approx. 

Compound Carbowax 1500* Di-n-decylphthalatet a <a 
Known Volatile Known Volatile total 

Acetone 1’ 14” ss" 10" 1’ 10” (Trace) 
Ethyl acetate 1’ 46” 1’ 46” re eh gs 30 
Methanol 2? at” yf ag 40” 40” 2 
Ethanol a en rs 2 ae i a 
Isobutyl acetate a” Se ve" 6’ 41” 6’ 43” 58 
Isoamyl acetate T 48” T 43” 14’ 36” 14’ 34” 4 

Isobutyl alcohol > > t 3 48” ¥ 48” (Trace) 

Isoamyl alcohol i.e § 8’ 54” Y Se (Trace) 





* Perkin-Elmer K column; length, 2 m; temperature, 80°C; gas, helium; pressure, 20 Ib/sq. in.; flow 
rate, 46.5 ml/min; sample, 2 ul; sensitivity, 10 mv. t Perkin-Elmer A column; length 2 m; tempera- 
ture, 100°C; gas, helium; pressure, 20 Ib/sq. in.; flow rate, 50.5 ml/min; sample, 5 ul; sensitivity, 
10 mv. ¢ Isobutanol not separated from isoamyl acetate. § Trace of isoamyl alcohol not detected. 
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The volatiles were subjected to gas- 
liquid chromatographic analysis in a 
modified Perkin-Elmer vapor fracto- 
meter, model A. The retention times 
of compounds in a typical sample of 
fungal volatiles as compared to reten- 
tion times of known compounds, deter- 
mined on a Carbowax 1500 column and 
a di-n-decylphthalate column, respec- 
tively, are reported in Table 1. 

The approximate percentages of each 
of the components of the mixture were 
determined from estimations of the 
areas under the peaks recorded during 
the analysis made on the di-n-decyl- 
phthalate column. The two major com- 
ponents, with retention times essentially 
the same as those of authentic isobutyl 
and ethyl acetate on both columns, ac- 
counted for approximately 58 and 30 
percent of the mixture, respectively. 
Components having the same retention 
times as isoamyl acetate, ethanol, and 
methanol were present in measurable 
amounts totaling approximately 11 per- 
cent. Traces of components presumed 
to be isoamyl and isobutyl alcohol were 
detected. 

One milliliter of the volatile mixture 
was refluxed with 10 ml of 1N KOH for 
3 hours. The mixture was extracted ex- 
haustively with ether, and most of the 
ether was removed from the extract by 
careful distillation. Gas-liquid chroma- 
tographic analysis of the extract on the 
di-n-decylphthalate column revealed the 
absence of the three previously ob- 
served ester peaks and revealed marked 
increases in the isobutyl, isoamyl, and 
ethyl alcohol peaks. 

The alkaline solution used in the 
saponification procedure was adjusted 
to pH 1.0 with H2SO, and extracted ex- 
haustively with ether. The ether solu- 
tion was dried over anhydrous Na:SO, 
and treated with an excess of diazo- 
methane in ether to convert any acids 
present to their methyl esters. The ex- 
cess diazomethane was dissipated by the 
dropwise addition of 2N HCl and by 
vigorous shaking. The ether solution 
was again dried and then distilled to re- 
move most of the ether. Gas-liquid 
chromatography of the residue on the 
Carbowax column revealed a peak at a 
retention time identical with that of 
methyl acetate. Since no other methyl 
esters were detected, and since isobutyl, 
isoamyl, and ethyl alcohol were liberated 
during saponification, it must be as- 
sumed that the esters in the volatiles col- 
lected from cultures of Chalaropsis 
thielavioides are acetates of these alco- 
hols (8). 

RALPH P. CoLLins 
Department of Botany, 
University of Connecticut, Storrs 
Max E. MorGAN 
Department of Animal Industries, 
University of Connecticut, Storrs 
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Statistical Codes for 
Geometrical Figures 


Abstract. A point function may be de- 
fined on the “cells” of cellular approxima- 
tions to: plane figures which retains much 
of the information of the figures and 
whose distribution function is relatively 
invariant with respect to cell size; the 
function is useful in constructing a quan- 
titative field theory in embryology and a 
nonaddressed system for pattern generaliz- 
ing in neurophysiology. 


It is the purpose of this note to pre- 
sent some of the properties of a co- 
ordinate free code for geometrical 
figures and suggest some applications 
of such to the theory of embryology 
and neurophysiological models. The 
discussion is limited to the two-dimen- 
sional case. 

Consider the approximation of a 
plane figure F by a cellular structure of 
N cells each of area A/N. Call the cells 
x;, where i = 1,...,N. Let d(x;,x;) 
be the distance between the midpoints 
of cells x; and x;. A single-valued point 
function, r(x;), is then defined by the 
set of equations, 


L»(w) |" 


d(xi,x;) 


r(x.) = K — 


(1) 
ji 


where K and U are appropriate con- 
stants. Before the biological interpreta- 
tions are given to these functions an 
important mathematical property will 
be developed. To do this let N > ©, 
in which case the sequence of functions 
defined over the cellular approximations 
to the figure F converge to the function 
R(x) defined by the integral equation, 


R(y) 


F 


(2) 


From this it follows that the normalized 





distribution functions of the R(x) fun 
tions defined over two figures of th 
same shape but of different areas J 
and A’ will be the same. This follow 
since if x,y and x’,y’. are homologouw 
pairs of points of similar figures F and 
F’ of areas A and A’ then, 





d(~y) _ dQ’y’) | 
A% (A’)% 
and, 
GA _ A, 
Ca" <2". 
Hence, 
<i U RQ’) ay 
meee ©? 59 ba 
_U (RGQ’) 
ro aS acy 


Since the point function r(x,;) defined 
over a cellular approximation to a fig 
ure itself approximates the function 
R(x) the above result implies that the 
distribution functions for r(x;) fune- 
tions defined over a figure are relatively 
invariant with respect to changes in cell 
arrangement and size. 

It can now be shown how a shaped 
figure (organ) could develop with the 
aid of an r(x;) code. Let D(R(x)) be 
the distribution code defined by the 
figure, and let us suppose a single 
original cell contains the information 
needed to define this function. Suppose 
the cell divides and segregates in the 
two daughter cells the information de- 
fining the upper and lower halves of the 
distribution, and that when these cells 
divide they segregate the information 
defining the quartile distributions, and 
so on. Suppose that the rate of division 
is uniform and that cells grow to a uni- 
form mature size before they divide; 
then A/N is a constant, and since N 
depends on the number of cell divisions 
a simple memory mechanism can pro- 
vide each cell with the variable A. 
Suppose also that each cell c; produces 
at its center x; a substance S at a rate 
R(c;) equal to the average value of the 
distribution defined ‘on it. Suppose that 
S diffuses freely except for a small 
region Y; around its point of origin 
x; in each cell. Suppose S may both 
leave and enter Y; but that a propot- 
tion 1-[U’/(A%)] is destroyed leaving 
the region. Now, for diffusion in the 
plane the concentration at any point ) 
is the sum of the- components due to 
each source. The component at y due 
to x; + y is inversely proportional to 
the distance between y and x; and di 
rectly proportional to the source 
strength of x;. 


Hence, for a point )j 
SCIENCE, VOL. 131 





Cg(y 


kCs ( 


Fina 
in th 


If 


ar 


th 














pas A 
ollows 
logous 
F and 


A’ 


efined 
a fig. 
nction 
at the 
func- 
atively 
in cell 


haped 
th the 
')) be 
y the 
single 
nation 
ippose 
in the 
yn de- 
of the 
> cells 
nation 
3, and 
Vision 
a uni- 
livide; 
ice N 
risions 
1 pro- 
le A. 
duces 
a rate 
of the 
e that 
small 
origin 
- both 
ropor- 
2aving 
in the 
oint y 
lue to 
y due 
nal to 
nd di- 
source 
int y; 


OL. 131 








in Y; at a small fixed distance from x; 
we may write for the concentration 
Cs(y;) of S, 


Req 
d(yi,x5) 





wi U' 
kCs (yi) = Res) + (A) ¥ 
ji 


Finally, suppose that each cell c; moves 
in the direction bringing kC,(y;) closer 
to K. Now, since the distribution of 
R(c;) converges to the original distri- 
bution D(R(x)) the cell structure will 
evolve in the direction of the organ 
shape provided a metastable impasse is 
not reached. 

The application of the concept of an 
t(x;) code to embryology not only 
leads to the quantitative “field’’ theory 
sketched above but predicts as well the 
clumping seen during early stages of 
reorganization of experimentally dis- 
persed embryonic tissues. 

The neurophysiological application 
of the above ideas involves identifying 
the figure F with a subset of cells in a 
nucleus G and the rates of firing of the 
cells x; with the values r(x;). Suppose 
the rate of firing of a cell is the sum 
of the values of its excitation and its 
inhibition if this sum is positive and 
zero if the sum is negative. Suppose all 
cells in the pattern F have excitation 
K and all other cells have zero excita- 
tion. Suppose that the inhibition of any 
cell x; is equal to the sum of inhibitions 
from other cells x; and that the inhibi- 
tion 1;; of cell x; by cell x; is propor- 
tional to the rate of firing of x; and 
inversely proportional to the distance 
d(x;,x;) between the two cells. That is, 


A 
b= -(w4 


If we let W, the distance coefficient of 
spread of inhibition, depend on the 
area A of F according to, 


rts) 
d(x:,x;) 








oe 2 
W= a ’ 
then we have, 
r(x: ) =K+ I; 
r(x,)4 
U N 
=K-@* y d(xx)) 
ji 


Hence the rates of firing of cells of G 
are structurally determined by F ac- 
cording to Eq. 1. Then, if axon 
branches of the cells x; of G constitute 
its efferent projection the distribution 
function D(r(x;)) of the rates of firing 
of the efferent fibers of G is a relative 
invariant of the shape of the figure F 
with respect to size and position of F 
within G. It should be pointed out that 
since the information of such a signal 
is carried purely by the distribution 
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function it is ideal for transmission of 
information over nonaddressed chan- 
nels. A _ distribution type code and 
suitable decoding system have pre- 
viously been suggested for the auditory 
system, but for this system the initial 
coding problem is much more straight- 
forward (1). Finally, a spatial function 
much like the one defined in this report 
has been reported in the visual system 
of the horseshoe crab (2). 

PHILIP NIEDER 
Laboratory of Physiological 
Psychology, University of Chicago, 
Chicago, Illinois 
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Perturbations in Perigee 
Height of Vanguard I 


Abstract. The effect of solar radiation 
pressure on the perigee height of satellite 
195882 (Vanguard I) has been considered. 
Previous consideration of the effect of the 
third harmonic and the lunar and solar 
gravitational perturbations left an unex- 
plained discrepancy between the observed 
and calculated values of perigee height. 
The inclusion of the effect of radiation 
pressure leads to close agreement between 
the orbit data and the theoretical results 
for Vanguard I. 


We have extended the previously de- 
veloped theory of gravitational perturba- 
tions to include the effects of solar 
radiation pressure (J, 2). The theory 
leads to an analytical development of 
the long periodic perturbations in the 
orbital elements. The applications of the 
results of this theory to the Vanguard I 
satellite indicate that solar radiation 
pressure will produce a variation in the 
perigee height of this satellite with a 





period of ~850 days and an amplitude 
of 1 or 2 km. This effect accounts al- 
most completely for the observed varia- 
tions in perigee height when combined 
with the previously determined solar and 
lunar gravitational perturbations (3) and 
the effect of the third harmonic (4). 

The results of the calculation for 
Vanguard I are shown in Fig. 1. The 
radiation pressure calculation was based 
on an estimated acceleration of 9.7 x 
10° cm/sec’, which is obtained by us- 
ing the assumption of specular reflec- 
tion, a solar constant of 2.0 cal/cm?* per 
minute, an effective cross-sectional area 
of 308.4 cm’, and a mass of 1456.7 gm. 
The effects of reradiated and reflected 
light and of shadowing by the earth 
were considered negligible in a first 
approximation. 

The data for the perigee height of 
Vanguard I are indicated in Fig. 1 by 
circles. Curve A represents the results 
of the analytical development of solar 
and lunar perturbations acting on the 
satellite (5, 6). It is seen that curve A 
departs from the observed values of 
perigee height by several kilometers over 
the course of two years. 

Curve B contains the results of the 
present calculation in which solar radia- 
tion pressure is included. The agreement 
between curve B and the data is now 
within the scatter of the experimental 
points, with the exception of an oscilla- 
tion of relatively short period which be- 
comes noticeable in the second year of 
observation. 

The data shown in Fig. 1 were ob- 
tained by removing the effect of the 
third harmonic from the published 
values of perigee height. Each published 
datum is a determination of the Van- 
guard orbit elements from Minitrack 
readings for a 7-day interval. It is im- 
portant to note that these Vanguard 
elements are not osculating elements, 
but are constants of integration of the 
orbit theory used. That is, if all the 
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Fig. 1. Perturbations on perigee height of Vanguard I; the data are published orbital 
elements with the effect of the third harmonic removed. 
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forces acting on the satellite are repre- 
sented in the program completely and 
accurately, these elements will remain 
constant. Hence, any variations which 
appear are the result of other forces 
such as atmospheric drag, inaccurate or 
neglected gravitational terms, and the 
radiation pressure considered in the 
present note. 

It appears surprising at first that the 
effect of solar radiation on the satellite 
orbit should be comparable to that pro- 
duced by the gravitational attraction of 
the sun, since the gravitational force of 
the sun is larger than the force of solar 
radiation by a factor of 10°. However, 
the major part of the solar gravitational 
effect disappears because the earth un- 
dergoes approximately the same acceler- 
ation as the satellite; that is, the net 
effect of the geocentric solar gravita- 
tional force around a complete orbit is 
nearly zero. In the case of radiation 
pressure, the resultant acceleration of 
the earth is many orders of magnitude 
less than that of the satellite. 

We have also applied this theory to 
the 100-foot balloon satellite which is 
planned for launching by the National 
Aeronautics and Space Administration 
as a communications experiment. This 
satellite represents a high ratio of area 
to mass, and is therefore one in which 
the effect of solar radiation pressure 
will be substantial. We find that for 
representative values of the orbit ele- 
ments of the balloon satellite, solar 
radiation can in fact produce orbit per- 
turbations on the order of hundreds of 
kilometers in a few months. 

P. MUSEN 
R. BRYANT 
A. BAILIE 
Theoretical Division, Goddard Space 
Flight Center, National Aeronautics and 
Space Administration, 
Washington, D.C. 
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Virus Production by Subcultured 
Monkey-Kidney Cells 


Abstract. Cultured monkey-kidney cells, 
like the rabbit cells previously studied, 
have a relatively high folic acid require- 
ment for growth. Subcultures can be readily 
prepared if the medium is supplemented 
with a high level of the vitamin. The 
sensitivity of the resultant cells to polio- 
virus and the yields of virus obtainable 
with them are the same as with primary 
cultures. 


Examination of primary cultures (/) 
from various rabbit organs revealed a 
common, relatively high folic acid re- 
quirement for growth, a property not 
shared with the permanently cultivable 
mammalian cells tested. Thus, with the 
primary cells, 10° to 2 x 10° »mole of 
folic acid per milliliter was needed to 
provide a maximum growth rate and 
yield, while a concentration about 
1/100, or less, of the vitamin satisfied 
the cell lines (2). With high levels of 
folic acid, further cultivation of the 
primary rabbit cells became readily 
achievable for at least an additional six 
or eight doublings. 

These observations suggested a pos- 
sible application of some value to the 
virologist. While monkey-kidney cells 
cultured directly from the animal pro- 
vide luxuriant growth, subcultures not 
initiated with extremely large inocula 
grow poorly, and they rarely, if ever, 
provide cells useful for virus studies. It 
was of interest, therefore, to determine 
whether the growth of subcultured 
monkey-kidney cells is enhanced by 
high levels of folic acid and whether 
the resultant cells can well support virus 
multiplication. 

To test this, primary cultures of 
trypsin-dispersed monkey-kidney cells 
were prepared in a medium similar to 
that of Healy et al. (3), containing 15 
percent of beef serum. Subcultures were 
prepared with populations which al- 
lowed about a sixfold increase in cell 
numbers, and growth and virus studies 
were made with the various cultures. 

The growth response of the monkey- 
kidney cells to a high level of folic acid 
was similar to that of the rabbit cul- 
tures. With no further supplementation 
of the medium (1.4 x 10° ymole of 
folate per milliliter), growth of the sub- 
cultured primary cells occurred initial- 
ly with a doubling time of about 36 
hours but ceased before a confluent 
sheet was made. Replacement of the 
medium with fresh medium did not 
stimulate further growth. On the other 





Table 1. Poliovirus production in subcultures 
of monkey-kidney cells. Plating efficiency was 
estimated as plaque-forming units per mil- 
liliter of a single pool of Parker type | 
virus, by a procedure similar to that of 
Dulbecco and Vogt (4). Virus yield per cell 
was measured by inoculating cultures con- 
taining 5 million to 6 million cells with the 
Parker virus at a multiplicity of about 1. 
After 48 hours, the supernatant fluids were 
obtained by centrifugation, and the yields of 
plaque-forming units were determined (5). 








Monkey-kidney Plating Virus yield 
culture efficiency per cell 
Primary 4.2 10° 450 
First transfer 9.4x« 10° 470 
Second transfer 2.2 10° 240 





hand, in the same medium supple- 
mented with folic acid (2 X 10° pmole/ 
ml), the doubling time during the ex- 
ponential phase of growth was only 22 
to 23 hours, confluent monolayers were 
formed, and these growth characteristics 
were maintained during the two addi- 
tional transfers studied. Furthermore, 
the ability of the subcultures to support 
poliovirus multiplication was not de- 
tectably diminished (Table 1). Similar 
results were obtained with cells sub- 
cultured in a lactalbumin hydrolyzate— 
5 percent beef-serum medium enriched 
with a high level of the vitamin. 

As had been anticipated from studies 
with rabbit cells (2), it was found that 
in a medium containing glycine, the 
folic acid requirement of the monkey- 
kidney cells is completely replaceable 
by a mixture of thymidine and a purine 
(6). 

IRVING LIEBERMAN, 
J. S. YOUNGNER, PETER OVE 
Department of Microbiology, School of 
Medicine, University of Pittsburgh, 
Pittsburgh, Pennsylvania 
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Systematic Collections 


During the last year and a half, a 
number of directors of natural history 
museums and herbaria held three in- 
formal conferences. The first two, sup- 
ported by a grant from the National 
Science Foundation, were held, respec- 
tively, at the Academy of Natural Sci- 
ences in Philadelphia, 19-20 May 1958, 
and at the New York State Museum, 
13-14 October 1958. The third con- 
ference, which had no outside sponsor- 
ship, was held at the Florida State Mu- 
seum, University of Florida, 9-10 April 
1959, 

The following museums and herbaria 
were represented at one or more of the 
conferences: Academy of Natural Sci- 
ences of Philadelphia; American Mu- 
seum of Natural History; Bailey Hor- 
torium, Cornell University; Bernice P. 
Bishop Museum; California Academy 
of Sciences; Carnegie Museum; Chicago 
Natural History Museum: Florida State 
Museum, University of Florida; Gray 
Herbarium, Harvard University: Her- 
barium of the University of Michigan; 
Missouri Botanical Garden; Museum 
of Comparative Zoology, Harvard Uni- 
versity; Museum of Natural History, 
University of Kansas; Museum of Zo- 
ology, University of Michigan; Nation- 
al Museum of Canada; Natural History 
Museum, Stanford University; Natural 
History Museum, University of Colo- 
rado; New York Botanical Garden; 
New York State Museum and Science 
Service; Peabody Museum, Yale Uni- 
versity; Royal Ontario Museum; United 
States National Museum; University of 
California Herbarium; and University 
of Nebraska State Museum. Also repre- 
sented at the conferences were the Na- 
tional Science Foundation, the Amer- 
ican Institute of Biological Sciences, 
and officials of the individual host in- 
stitutions. 

The conferences were quite produc- 
tive, and many topics of concern to 
systematic biology were identified and 
discussed. Among these were central- 
ization of holdings and the question of 
establishing national centers for collec- 
tions; over-curating versus under-cura- 
ting; national needs in terms of facili- 
ties and personnel; and fringe benefits 
for curatorial personnel. 
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Meetings 


The conferences also foresaw the 
need for, and provided for the estab- 
lishment of, a far broader group, tenta- 
tively called the Association of Science 
Museum Administrators, which held its 
organizational meeting in Pittsburgh on 
2 June 1959, the day before the annual 
meeting of the American Association 
of Museums. C. B. Schultz, of the Uni- 
versity of Nebraska State Museum, 
was elected chairman of the new as- 
sociation. 

Conference committees were formed 
to conduct a survey of zoological col- 
lections (chairman, T. H. Hubbell, Mu- 
seum of Zoology, University of Mich- 
igan); to consider  interinstitutional 
cooperation in the standardization of 
containers and cases for zoological col- 
lections (chairman, C. B. Schultz, Uni- 
versity of Nebraska State Museum); 
and to consider interinstitutional coop- 
eration in the standardization of cases 
for herbarium specimens (chairman, 
I. L. Wiggins, Natural History Mu- 
seum, Stanford University). 

The substance of several resolutions 
adopted at the conferences is as fol- 
lows: 

1) The conference, recognizing the 
tremendous need for additional re- 
search positions in the field of system- 
atic biology, recommended that ways 
and means be found to provide support 
for such positions. 

2) The conference recommended 
that the National Science Foundation 
seek means of supporting institutional 
programs involving maintenance of re- 
search collections in order to increase 
basic research, to facilitate loans that 
make material more generally available 
on a national and international basis, 
and to improve services to the scientific 
public. 

3) It was recommended that jour- 
nals not publish descriptions of new 
species unless the types are deposited 
in stable institutions that permit free 
access to the collections by qualified 
and responsible investigators, and fur- 
ther, that granting agencies require re- 
cipients of grants involving systematic 
studies to agree to place all types re- 
sulting from such work in institutions 
of this kind. 

4) The conference commended the 
National Science Foundation for hav- 


ing the foresight to provide long-term 
grants and urged the Foundation to 
make greater use of this procedure. 

5) In view of the great and increas- 
ing interest of the Division of Scientific 
Personnel and Education of the Na- 
tional Science Foundation in the teach- 
ing of science and the recruitment of 
scientists—and the devotion of over 
half the budget of the National Science 
Foundation to these ends—it would be 
to the national advantage as well as to 
the advantage of natural history mu- 
seums to emphasize the educational im- 
portance of these “nurseries of scien- 
tists.” It was therefore recommended 
that the conference bring to the atten- 
tion of the National Science Founda- 
tion this as yet generally unrecognized 
national educational asset, with the ex- 
press hope that funds might be made 
available for the expansion of curatorial 
and other museum activities directly 
related to educational programs. Since 
no representations of this sort have yet 
been made, the results might be sur- 
prisingly rewarding, and do much to 
increase the prestige as well as the ef- 
fectiveness of our institutions. 

6) Since it is believed desirable to 
improve and formalize the status of mu- 
seum staffs, it was resolved that all 
science museums with study collections 
and research programs seek to establish 
standards of academic background, pro- 
fesional competence, and salary range 
for members of their curatorial staffs 
equivalent to those for faculty mem- 
bers at nearby colleges and universities. 

7) The transfer of holotypes from 
small inactive collections in possibly 
unstable situations to continuing insti- 
tutions having significant material or 
specialists on the group represented is 
considered desirable and should be en- 
couraged. 

Limited numbers of the Transactions 
of the three conferences are available, 
and interested persons should request 
them from the directors of the three 
host institutions. 

The fourth conference of this kind 
is scheduled for the spring of 1960, to 
be held at the National History Mu- 
seum of the University of Kansas. 

ARNOLD B. GROBMAN 
Biological Sciences Curriculum Study, 
University of Colorado, Boulder 


Forthcoming Events 
April 


20-21. Council on Medical Television, 
2nd meeting, Bethesda, Md. (J. Mackenzie, 
Council on Medical Television, 33 E. 68 
St., New York 21.) 

20-22. Biological Waste Treatment, 3rd 
conf., New York, N.Y. (W. W. Eckenfelder, 
Dept. of Civil Engineering, Manhattan 
College, New York 71.) 
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20-22. Manned Space Stations Inst. of 
the Aeronautical Sciences symp., Los 
Angeles, Calif. (E. Levin, Rand Corp., 
1700 Main St., Santa Monica, Calif.) 

20-22. Medical Electronics, natl. conf., 
Houston, Tex. (K. O. Heintz, Humble Oil 
and Refining Co., Houston.) 

20-22. Southwestern Inst. of Radio 
Engineers, 12th annual, Houston, Tex. 
(H. E. Childers, College of Medicine, 
Baylor Univ., Waco, Tex.) 

20-23. National Council of Teachers of 
Mathematics, Ann Arbor, Mich. (M. H. 
Ahrendt, 1201 16 St., NW, Washington 6.) 

20-24. Congress of Gastroenterology, 
6th intern., Leyden and Noordwiik aan 
Zee, Netherlands. (C. Schreuder, 16, Lange 
Voorhout, The Hague, Netherlands.) 

21-22. Society of Technical Writers and 
Editors (Technical Publishing Soc.), 7th 
annual, Chicago, Ill. (R. F. Ellis, Amer- 
ican Can Co., 11th Ave. and St. Charles 
Rd., Maywood, IIl.) 

21-23. Association of Southeastern Bi- 
ologists, New Orleans, La. (H. J. Humm, 
Dept. of Botany, Duke Univ., Durham, 
N.C.) 

21-28. American Soc. of Tool Engi- 
neers, annual, Detroit, Mich. (H. E. Con- 
rad, ASTE, 10700 Puritan Ave., Detroit.) 

22-23. High-Temperature Resistance 
and Thermal Degradation of Polymers, 
symp., London, England. (Symposium Sub- 
Committee, Plastics and Polymer Group, 
Soc. of Chemical Industry, 14 Belgrave 
Sq., London, S.W.1, England.) 

24-28. American Ceramic Soc., annual, 
Philadelphia, Pa. (F. P. Reid. ACS, 4055 
N. High St., Columbus 14, Ohio.) 


25-27. American Proctologic Soc., Hous- 
ton, Tex. (N. D. Nigro, 10 Peterboro, 
Detroit 1, Mich.) 

25-27. Canadian Inst. of Mining and 
Metallurgy, 62nd annual, Toronto. On- 
tario, Canada. (Secretary-Treasurer, Room 
906, Drummond Bldg., 1117 St. Catherine 
St., Montreal, Canada.) 

25-27. International Acad. of Pathology, 
Memphis, Tenn. (F. K. Mostofi, Armed 
Forces Inst. of Pathology, Washington, 
D.C.) 

25-28. American Assoc. of Petroleum 
Geologists, Atlantic City, N.J. (H. T. Mor- 
ley, Pan American Petroleum Corp., Box 
591, Room 1330, Tulsa 2, Okla.) 

25-28. Society of Economic Paleontolo- 
gists and Mineralogists, Atlantic City, N.J. 
(J. Imbrie, Dept. of Geology, Columbia 
Univ., New York, N.Y.) 

25-30. American Acad. of Neurology, 
Miami, Fla. (Mrs. J. C. McKinley, 4307 E. 
50 St., Minneapolis, Minn.) 

25-30. Industrial Health, conf., Roches- 
ter, N.Y. (M. E. Fairbank, Kodak Park, 
Rochester 4.) 

26-29. Internal Medical Assoc., Roches- 
ter, N.Y. (C. D. Bridges, 28 E. Jackson 
Blvd., Chicago 4.) 

27. Additives and Residues in Human 
Foods, symp., Columbia, Mo. (T. D. 
Luckey, Dept. of Biochemistry, School of 
Medicine, Univ. of Missouri Medical Cen- 
ter, Columbia.) 

27. International Acad. of Proctology, 
annual, Miami Beach, Fla. (A. J. Cantor, 
IAP, 147-41 Sanford Ave., Flushing 55, 
N.Y.) 

27-29. Algae and Metropolitan Wastes, 





conf., Cincinnati, Ohio. (A. F. Bartach, 
Water Supply and Water Polution Re- 
search, Robert A. Taft Sanitary Engineer- 
ing Center, Cincinnati.) 

27-29. Chemical Reaction Engineering 
—Section on Non-Conventional Reactors, 
2nd European symp., Amsterdam, Nether- 
lands. (P. J. Hoftijzer, Centraal Labora- 
torium Staatsmijnen, Geleen (L.), Nether- 
lands.) 

27-30. American Meteorological Soc., 
general meeting with American Geophys- 
ical Union, Washington, D.C. (K. C. 
Spengler, AMS, 45 Beacon St., Boston 8, 
Mass.) 

28-30. American Assoc. of Pathologists 
and Bacteriologists, Memphis, Tenn. (R. L. 
Holman, Dept. of Pathology, Louisiana 
State Univ., School of Medicine, New Or- 
leans.) 

28-30. American Soc. of Human Genet- 
ics, Memphis, Tenn. (W. J. Schull, Dept. 
of Human Genetics, Univ. of Michigan, 
1133 E. Catherine St., Ann Arbor.) 

28-30. Current Concepts in Medicine, 
2nd intern. symp., Philadelphia, Pa. (M. J. 
Schwartz, Deborah Hospital, 901 Walnut 
St., Philadelphia 7.) 

28-30. Midwestern Psychological Assoc., 
Columbus, Ohio. (I. E. Farber, Dept. of 
Psychology, State Univ. of Iowa, Iowa 
City.) 

29. Parenteral Drug Assoc., Philadelphia, 
Pa. (H. E. Boyden, PDA, 4865 Stenton 
Ave., Philadelphia 44.) 

29-30. Thermonuclear Processes, conv., 
London, England. (Institution of Electrical 
Engineers, Savoy Pl., London, W.C.2.) 

30. Idaho Acad. of Science, annual, Po- 











new 
england 
nuclear 


NEC-165 





CATALOG ON REQUEST 


new england tuclear) ol go 


STREE 


938 








L-METHIONINE-METHYL-C 
$187 .50/500 microcuries 


co ie 





5964 


EXPOSED-- 





. fo cross-infection! 


Hands—most active in distribution of STAPH! Unless 
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every lesion . . 
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Eliminate contact! Use the modern pressure-sensitive 
TIME Labeling Tape. Break the chain of cross-infec- 
tion of STAPH, TB and Hepatitis! . 
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LATEST ELECTRON MICROSCOPE PERMITS 
250,000 TIMES DIRECT MAGNIFICATION! 


Hitachi, Ltd. which has been supplying electron microscopes to scientific 
institutes and laboratories around the world, has now developed the new 
a unit featuring extremely high resolving power. This is 
tending to distinguish it as a remarkable item 


Model HU-11, 


considerably less than 8AU, 
of equipment by contemporary standards. 


Hitachi’s unique chromatic aberration compensating lens system has been 
further improved and a new electron gun provides a brighter illumination, 
allowing the photography of high order diffraction pattern. 


e@ Accelerating voltage 


@ Optical system 


@ Illuminating system 


@ Magnification 


@ Resolving Power (Microscope) 
@ Photographic Facilities 


e@ Accessories 






























100, 75 and 50 kV switch-over 

3-stage magnetic lens system. 4 turret pro- 
jection lenses, interchangeable during op- 
eration. 

Self-biased gun with double condenser 
lenses. Minimum area of illumination of 
about 5,7 

(Electronic) 400—250,000 X 

(Photographic Enlargement) up to 2,000,- 
000 X 

8 AU 

36 successive exposures 

exposure size: 8cm x 6 cm 

specimen heating and cooling devices. X-ray 
microscope unit, holder for diffraction 


observation, etc. 
i + 
) pitachi.Ltd. 
Tokyo Japon 
“HITACHY" TOKYO 
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AUTOMATIC PIPETTING — 
APPARATUS 


The automatic pipetting apparatus is designed 
for the accurate and rapid delivery of small 
quantities of fluid into test tubes as required 
in serological mass investigations. The whole 
process of pipetting has been made automatic 
with the introduction of this equipment. This 
results not only in faster operation but also 
in increased precision. No reading errors are 
possible. 


For standard test tubes, racks are available 
which hold either 20 or 30 tubes. Filling 
stops automatically when all tubes are 
full. The average pipetting speed under 
normal conditions is 270 tubes per minute. 
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Whyisa butterfly? 
Why is man? 


e In this informal but enormously 
informative survey of the world’s 
biological communities — forests, 
seas, lakes, grasslands, and deserts 
— a renowned zoologist gives some 
startling answers to the question: 
What role does man play in na- 
% ture’s magnificent scheme? 


_ om Korest 
AND THE Sea 


by Marston Bates 


$3.95, at your bookstore. 
Random House eae 
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catello. (A. E. Taylor, Graduate Div., 
Idaho State College, Pocatello.) 

30-2. Society for American Archaeology, 
Salt Lake City, Utah. (D. A. Baerreis, 
Sterling Hall, Univ. of Wisconsin, Madi- 
son 6.) 


May 


1-2. American Soc. for Clinical In- 
vestigation, Atlantic City, N.J. (S. J. Far- 
ber, New York University College of 
Medicine, 550 First Ave., New York 16) 

1-5, American Assoc. of Cereal Chem- 
ists, Chicago, Ill. (J. W. Pence, Western 
Utilization Research and Development 
Div., 800 Buchanan St., Albany 10, N.Y.) 

I-5. Electrochemical Soc., Chicago, 
Ill. (H. B. Linford, ES, 1860 Broadway, 
New York 23) 

I-5. Society of American Bacteri- 
ologists, 60th annual, Philadelphia, Pa. 
(D. M. Cleary, Box 354, Upper Darby, 
Pa.) 

2. American Federation for Clinical 
Research, Atlantic City, N.J. (J. E. Bryan, 
250 W. 57 St., New York 19) 

2~3. Reactions between Complex Nu- 
clei, 2nd conf., Gatlinburg, Tenn. (R. S. 
Livingston, Oak Ridge Natl. Laboratory, 
Oak Ridge, Tenn.) 

2-4. Aeronautical Electronics, conf., 
Dayton, Ohio. (L. G. Cumming, IRE, 1 E. 
79 St., New York 21) 

2-5. Flight Test Symp., natl., San Diego, 
Calif. (H. S. Kindler, Instrument Soc. of 
America, 313 Sixth Ave., Pittsburgh 22, 
Pa.) 

2-11. International Cancer Cytology 
conf., Mexico, D.F., Mexico. (Office of 
Intern. Conferences, Department of State, 
Washington 25) 

2-11. Pan American Medical Assoc., 
cong., Mexico City, Mexico. (J. J. Eller, 
745 Fifth Ave., New York 22) 

3-4. Association of American Physi- 
cians, Atlantic City, N.J. (P. B. Beeson, 
Yale Univ. School of Medicine, New 
Haven 11, Conn.) 

3-4, Conference of Veterinarians, an- 
nual, Philadelphia, Pa. (W. H. Rhodes, 
School of Veterinary Medicine, Univ. of 
Pennsylvania, Philadelphia 4) 

3-5. Society of Pediatric Research, 
Swampscott, Mass. (C. D. West, Children’s 
Hospital, Cincinnati 29, Ohio) 

3-6. Fuel Element Fabrication, symp., 
Vienna, Austria. (Intern. Atomic Energy 
Agency, 11 Karntner Ring, Vienna) 

5-6. American Pediatric Soc., annual, 
Swampscott, Mass. (A. C. McGuinness, 
2800 Quebec St., NW, Washington 8) 

5-8. Wilson Ornithological Soc., Gat- 
linburg, Tenn. (A. M. Bagg, Farm St., 
Dover, Mass.) 

6-7. Population Assoc. of America, 
annual, Washington, D.C. (K. B. Mayer, 
Dept. or Sociology and Anthropology, 
Brown Univ., Providence 12, R.I.) 

6-7. South Dakota Acad. of Science, 
45th annual, Brookings. (J. M. Winter, 
Dept. of Botany, Univ. of South Dakota, 
Vermillion) 

6-8. International Cong. of Phlebol- 
ogy, Ist, Chambéry, France. (J. Marmasse, 
3, rue de la République, Orléans (Loiret), 
France) 

6-9. American Psychoanalytic Assoc., 
annual, Atlantic City, N.J. (Mrs. H. Fisch- 
er, 36 W. 44 St., New York 36) 


(See issue of 18 March for comprehensive list) 





Letters 


Measuring Eye Movements 


With reference to the report entitled 
“Photoelectric technique for measuring 
eye movements,” by William M. Smith 
and Peter J. Warter, Jr. [Science 130, 
1248 (1959)], I wish to make the fol- 
lowing observations. To record eye 
movement is an endeavor with a long 
history in neuro-otological research and 
clinical investigations. The first such 
effort was made as early as 1881 by 
Hogyes. In the otolaryngology depart- 
ment of the University of Illinois College 
of Medicine in Chicago, the photoelec- 
tric principle of picking up and record- 
ing nystagmus (rhythmic involuntary 
eye movements) was first applied in 
1950. The idea discussed in the article 
mentioned above is almost identical 
with the method we have been using for 
the last 9 years. 

Through clinical experience our 
method was gradually and repeatedly 
improved. Several reports have been 
presented before national and _inter- 
national societies, and publications in 
the United States and foreign coun- 
tries have carried descriptions of the 
instrument and the technique. Our 
present model is an advanced nystag- 
mus-recording device. It is applicable 
not only in vestibular research (con- 
cerned with the sense of equilibrium) 
but also in everyday clinical evaluation 
of the function of the sense organ of 
balance. 

NICHOLAS TOROK 
Department of Otolaryngology, 
University of Illinois College 
of Medicine, Chicago 


The interesting work of Torok and 
his colleagues in the field of nystag- 
mography (/, 2) unfortunately was un- 
known to us until it was called to our 
attention by his letter to Science. Our 
coverage of the literature obviously was 
incomplete. 

We do not accept as accurate Torok’s 
assertion that the idea discussed in 
our report in Science is “almost identi- 
cal” with the method he and his as- 
sociates have used in their work. There 
is a similarity in one specific sense— 
namely, both techniques of measure- 
ment utilize the fact of differential re- 
flectance of the iris and sclera of the 
eye. According to the descriptions in 
the articles cited (J, 2), a rectangular 
pattern of light is cast upon the eye in 
such a way that part falls upon the iris 
and part falls upon the sclera. As the 
eye moves, therefore, the total amount 
of light reflected from the eye varies. 
This variation in total reflectance is 
detected by two photovoltaic cells in 
series mounted immediately in front of 
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pressure - sensitive labels 
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name of your nearest TIME distributor. Dept. RM 
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CENCO* HYVAC 
GAS BALLAST PUMPS 


For vacuum applications plant 
and laboratory. Eliminates 

use of oil separators, cen- 
trifuges, refrigerated traps. 
Wide range of capacities. 





Gas Ballast 
included at 
no extra cost. 


For best possible results 
use Cenco pump oil. 
Write today for bulletin 10G. 


the most complete line of scientific instru. 
ments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


1718-M Irving Park Road « Chicago 13, Illinois 
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Sigma is Pleased to Announce 
FURTHER 
DRASTIC PRICE REDUCTIONS! 


Zwischenferment 


Glucose-6-Phosphate Dehydrogenase 
Type Il 
formerly—$32.25 per 80 units 
Now—200 units—$15.00 
100 units— 9.00 
50 units— 5.40 


«ttt t~b~b~b~trererbeveen 


Deoxy Adenosine Triphosphate, Sodium 
% Deoxy Guanosine Triphosphate, Sodium 
% Deoxy Cytidine Triphosphate, Sodium 
% Thymidine Triphosphate, Sodium 
A 
‘ 
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% 100 mg— 250.00 
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25 mg— 90.00 ) 
5 mg— 27.00 
Spanititcndccaaeteaste > 
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% We also Announce 
g the Beginning of our Work on Reagents for $ 
¥, 
% HISTOCHEMISTRY $ 
4 


DL-Alanyl-8-Naphthylamide 
(substantially 8-Naphthylamine-free) 
1-Leucyl-8-Naphthylamide, HCL 


$25.00 per gram 
4.25 per 100 mg 


$13.00 per gram 
2.50 per 100 mg 


$45.00 per gram 
8.50 per 100 mg 


$8.00 per gram 


5-Bromoindoxyl Acetate 


Indoxyl Acetate 
Carbobenzoxy L-Leucine 
Red Violet LB Salt (pfs) 


Carbobenzoxy Chloride 
Fast Garnet GBC (pfs) 


Next we expect to offer:- 
Naphthol AS-MX Phosphate 
For Alkaline Phosphatase 
Naphthol AS-BI Phosphate % 
For Acid Phosphatase 


Ref: Burstone, M.S., J. Nat‘l. Cancer Inst., 
21, 523 (58). 
Ibid, 20, 601 (58) 
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the eye. The signal subsequently is 
amplified to drive a pen recorder. In 
our technique we do not measure di- 
rectly the total light reflected from the 
eye but derive a measure of total light 
from an optical image of a part of the 
eye. We do this by casting an image of 
a small part of the eye on a surface 
which contains a small slit oriented 
parallel to the horizontal meridian of 
the eye (for measuring horizontal eye 
movements). As the eye moves hori- 
zontally and the light-dark field of this 
image formed by the iris and sclera 
plays across the slit, the total amount 
of light passing through the slit varies 


and is detected by the photomultiplier 
tube located immediately behind the 
slit. Thus, the optical arrangements of 
the two systems are, in a sense, the 
inverse of each other. 

That there are gross and important 
differences between the two systems is 
evident from the fact that the device 
used by Torok and his associates can- 
not be used for tracking large-scale 
movements of the eye which are cor- 
related with stimulus movement. In 
our experiments it is essential that the 
device used for measuring eye move- 
ments should not impair normal visual 
observation by the subject during the 
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pH METER 


® The performance, versatility, 
convenience and precision 


lars a day by substituting the 
Unitrap for one requiring dry 
ice. This automatically-refriger- 
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all freeze-drying procedures. Ef- 
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ate. Simply connect to a suit- 
able vacuum pump after placing 
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plete Unitrap story, write for 
bulletin 14. 
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available with a rigid, plastic 
housing that is easily mounted 
on a support rod or frame. There 
is no danger of being burned— 
even after an extended period 
of operation at peak tempera- 
ture...no danger of electrical 
shock. Descriptive brochure with 
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H-1976-2X Briskeat Heating 

Jacket only (pictured), 

without safety thermostat, 

for 500 ml. round bot- 
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previously found only in com- 
plex, costly pH meters are also 
found in the Metrion. This in- 
strument features large, clear 
duplex scales for easy, direct 
reading over the entire pH range 
...@ unique calibration control 
...unmatched electrode versa- 
tility . . . ultra-convenient elec- 
trode mounting...simple opera- 
tion. Ask for bulletin B-257. 


H-5305X Coleman Model 28 
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course of measurement. The device de- 
scribed in (J) and (2) is placed directly 
in front of the subject’s eye and 
seriously limits, if it does not prevent, 
visual observation by the subject during 
measurement. In fact, the device em- 
ployed by Torok and his associates is 
designed to preclude the possibility of 
normal vision during measurement, 
since such vision would interfere with 
the phenomenon being measured [“The 
subject must not be presented with a 
light spot or any image upon which 
he can fixate, since fixation and undue 
light tend to minimize or suppress 
nystagmus” (/)]. In our technique the 
subject has an unobstructed lateral 
view of at least 90 degrees of the 
visual field. One could use our system 
for measuring nystagmus of all types, 
of course, but it was not designed with 
this purpose in mind. Finally, it would 
appear that the principles of design in 
our system make possible much greater 
sensitivity and precision of measure- 
ment, a difference of considerable im- 
portance. 

We appreciate Torok’s bringing to 
our attention the work being done by 
him and his associates in the clinical 
study of nystagmus. 

WILLIAM M. SMITH 
Department of Psychology, Dartmouth 
College, Hanover, New Hampshire 
PETER J. WaRTER, JR. 
Department of Electrical Engineering, 
Princeton University, 
Princeton, New Jersey 
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Ann. Otol. Rhinol. & Laryngol. 60, 917 (1951). 

2. V. Guillemin, Jr., and N. Torok, Laryngoscope 
68, 120 (1958). 


Teaching and Research 


The editorial entitled “Small colleges 
and small minds” [Science 131, 71 (8 
Jan. 1960)] emphasized clearly and con- 
cisely a serious weakness among a ma- 
jority of our fine small colleges which 
demands correction in the immediate 
future. The issue is of such great sig- 
nificance that it needs to be called to 
the attention of every president of a 
small college and to, that of the heads 
of his science departments. 

That the larger colleges and univer- 
sities do not have a, monopoly on stu- 
dents with ability, curiosity, and desire 
is often overlooked. Nor can these larger 
institutions be relied: upon to supply all 
the academicians to meet our expanding 
needs. Our small colleges must do more 
than they have to meet this challenge. 
If they so far fail to provide inspiration, 
challenges, and opportunities that their 
students do not know the thrill and satis- 
faction to be gained from original in- 
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JUST PUBLISHED 
THE A-E VOLUME 
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EDITION OF 
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AMERICAN MEN 
OF SCIENCE 


The A-E volume of the Physical & Biological 
Sciences has just been published and contains the 
biographies of approximately 24,000 scientists of North 
and South America. Other volumes will appear as soon 
as possible but at no longer than eight month intervals. 


The Tenth Edition of AMERICAN MEN OF 
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vestigative efforts, the nation will lose 
many potential scientists to careers 
which offer greater material gain but 
less benefit to society. 

I am not suggesting that all science 
instructors in small colleges who have 
never done any significant research 
should immediately seek to become in- 
vestigators. I do urge, however, that new 
appointments to science faculties be 
based upon a candidate’s enthusiasm 
and ability for both teaching and re- 
search. Again, promotions should be 
based on contributions of the candidate 
in both areas of endeavor. 


The nation can ill afford to have its 
college students, especially those in- 
terested in the sciences, exposed to the 
teachings of a department that is sterile 
in research. To cite one example of a 
critical situation, the basic medical 
science departments of most of the na- 
tion’s 85 medical schools are desperately 
seeking qualified and dedicated can- 
didates for their excellent doctoral pro- 
grams. Many more such candidates 
would be available now if the seeds of 
research interest had been effectively 
sown by the science faculties in our 
small colleges. 
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30 milliliter to 10 microliter 
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@ Luer tapers fit American Standard 
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The inertia and resistance to research 
seen in some small colleges seems to 
emanate from those who fear the com- 
petition for promotion and prestige 
which might arise if active research pro- 
grams were encouraged. Might not this 
type of healthy competition, if it should 
arise, prove stimulating to faculty ac- 
tivity in general? 

HAROLD C, WIGGERS 
Albany Medical College of Union 
University, Albany, New York 


The editorial of 8 January stirred me 
to write this note. 

I believe Science could do a greater 
service if it took up its cudgel on be- 
half of those who find it well-nigh im- 
possible to do good research and good 
teaching at the same time. I give a ref- 
erence here: St. Matthew 6: 24. 

As an AAAS fellow, I like to believe I 
have some research ability. I have never 
been able to be fair to both teaching and 
research at the same time. I will go far- 
ther and say I can count on my fingers 
those who have been, to my knowledge. 
I have seen teaching slighted for re- 
search ad nauseam. 

Teaching should be more than a 
“meal ticket for researchers.” Let us 
give up pollyanna hogwash and be 
honest. 

F. J. ALLEN 
Department of Chemistry, Purdue 
University, Lafayette, Indiana 


Meteorology as a Field of Study 


To the excellent points already made 
by John Day in his case for meteorology 
as a study with broad cultural benefits 
for college students [Science 130, 1600 
(1959)] we might add the factor of 
continuous international cooperation. 

Because of the need for international 
exchange of weather observations and 
other information on an hour-to-hour 
basis in the years since the first inter- 
national meteorological meeting, held 
in 1853 at Brussels under Maury’s lead- 
ership, meteorologists have developed 
a high level of international coopera- 
tion. This has borne fruit in the estab- 
lishment of ties of understanding and 
mutual respect among these workers in 
atmospheric science. ‘Students who must 
study the atmosphere by analyzing 
observational reports from many dis- 
tant places gain broadened horizons and 
an interest in affairs far beyond the 
college campus. 

Thus, an additional factor commends 
atmospheric science: not only as a field 
of major study but also as a field of 
minor study for all students, including 
liberal arts majors. 

FRED W. DECKER 
Science Research Institute, 
Oregon State College, Corvallis 
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SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


subjects. 


design. 


ence. 











Klett Manufacturing Co. 
179 East 87 Street, New York, New York 











KIMBERLY-CLARK CORPORATION 
RESEARCH SCIENTIST 


LOCATION—Research and Development 
Neenah, Wisconsin 


EDUCATION—Prefer man or woman with PhD in 
Chemistry, Physics or ChE. Should have interest 
in Biology, Bio-chemistry, Physiology or related 


Will consider BS or MS if experienced in product 


NATURE OF WORK—Applied research with special 
emphasis on the development of new products. 


SALARY—Commensurate with training and experi- 


WRITE—For additional information to: 


Russell J. Piltz, 

Manager, Personnel Procurement 
PERSONNEL DIVISION 
KIMBERLY-CLARK CORPORATION 
NEENAH, WISCONSIN 


all replies confidential 


Center, 
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CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
a Box Number. Monthly invoices will 

sent on a charge account basis— 
provided that satisfactory credit is estab- 
ishe 


Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week) 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 
Science 














1515 coo Ave., NW 
Washington 5, 
Wil POSITIONS WANTED |i 





Biochemist, Ph.D. 1954. Prefers academic or in- 
dustrial research in metabolism, structure, espe- 
cially lipids in vitro, in vivo, and microorganisms. 
Metropolitan area. Box 64, SCIENCE. xX 





Pharmacologist with academic and industrial re- 
Search experience interested in position with 
limited administrative duties in field of neuro- 








imi POSITIONS WANTED ill 


HM} POSTTIONS OPEN |i 








Bioorganic Ph.D., isolation of natural products, 
microbiological techniques; numerous publications 
and society memberships; academic or industrial 





research; interview at Federation meetings. Box 
66, SCIENCE. X 
Cytologist, Electron Microscopist, Ph.D. Experi- 


enced in teaching and research. Desires position 
in research or teaching with research opportu- 
nities. Box 68, SCIENCE. X 


(a) Fer i Develop t Specialist with ex- 
tensive pharmaceutical research and supervising 
experience; available for administrative appoint- 
ment. (b) Anatomist, lacks thesis for Ph.D f 

in zoology-chemistry; interested in cardiovascular, 
coagulation, or cytology research and teaching. 
(c) Physiology-Zoology Ph.D.; radioisotope train- 
ing; 5 years of college teaching; interested in 
environmental physiology or biological teaching 
or research. S3-4 Medical Bureau, Inc., Science 
Division, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. xX 


Immunologist, 42, M.D. Broad _ research back- 
ground in bacterial vaccines, adjuvants, 
hemagglutination, gel diffusion, biometrics. 
67, SCIENCE 


Plant Pathologist desires geo _Tesearch or 
ted aching in Midwest. Box 65, SCIEN xX 


Woman Biologist, Ph.D., 38, desires college 
teaching position in a senior college beginning 
June or September. Broad background in the 
biological sciences with botany major and zool- 
ogy and biochemistry minors; 8 years of full-time 
college teaching experience. Box 47, UIT 
3/2 / 
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Box 
Xx 











Biophysicist-Electrophysiologist. For research on 





(a) Microbiologist or Immunologist; Ph.D., prefer 
teaching experience; a in teaching micro- 
biology to sophomore medical students, also re- 
search; and (b) Virologist; M.S., Ph.D., for re- 
search, possibly diagnostic work; 350-bed hospital 
in affiliation prominent eastern university medical 
school. (c) Biochemist-Biologist; interested mole- 
cular biology, experienced tissue culture techniques 
and/or virology; present studies of nucleic acid 
metabolism, structure, function; research institute 
affiliated outstanding southwestern medical school; 
to $9000. (d) Biochemist; B.S., M.S., to head 
department, voluntary general hospital 300 beds; 
to $8000; cosmopolitan college city 75,000; Mid- 
west. (e) Bacteriologist; prefer M.S., to act as 
senior technician in research project involving 
isolation, identification of new viral agents; must 
have experience with complement fixation tests; 
to $6000; research foundation affiliated pediatric 
hospital; winter resort location. (Please write for 
an analysis form. Our 65th year: Founders of 
the counselling service to the medical profession; 
serving medicine with distinction over half a 
century.) Science Division, Woodward Medical 
Bureau, Ann Woodward, Director, 185 North 
Wabash, Chicago. x 








Ph.D. PHARMACOLOGIST 
or PHYSIOLOGIST 


to conduct independent research on the 
pharmacological effects of proteolytic en- 
zymes, including studies on inflammation. 
Send résumé, stating age, experience, we 
cation, salary expectation, to Mr. a. 
Reidy, Personnel Manager, 
ARMOUR PHARMACEUTICAL CO. 
Kankakee, Ill. 














Writer for weekly journal to report developments 
in national and international affairs that bear 


| electrophysiology of vision in large midwestern on science. Familiarity with the Washington scene 
Psychopharmacology. Box 57, SCIENCE. 3/25 canes. BF LD. or equivalent. Experience with | helpful, background in natural science helpful, 

| ciecvopeoelnnapiodl equipment required. Eye ex- experience as a journalist necessary. Position and 
Virologist-Tissue Culturist. Prospective Ph.D. | perience not necessary. Salary from $7500, de- salary open. State qualifications in a letter to 
(June 1960). Trained in eens as_ well; | pending on training and experience. Box 56, Editor, SCIENCE, 1515 Massachusetts Avenue, 
seeks position. Box 63, SCIENCE 3/2 5 SCIENCE. 3/18, 25 NW, Washington 5, D.C. ew 





25 MARCH 1960 


945 














NII! POSITIONS OPEN [iii 


(a) Assistant Research Director to coordinate, 
supervise, and expedite research program for 
ethical pharmaceutical firm; East. (6) Virologist 
and Microbiologist, Ph.D. or M.S. degree, for 
teaching positions in September; medical school; 
East. (c) Immunochemistry Research Associate, 
Ph.D. or M.S. degree, for long-range research 
program; $6000-$8000 year; medical school; Mid- 
west. (d) Physics Teacher for new graduate divi- 
sion training research scientists and teachers; 
East. (e) Analytical Chemist, Ph.D., to conduct 
assays and develop new techniques for nation- 
wide clinical and drug service laboratory; South- 
west. (f) Physiologist for basic research on animal 
brain function; leading university; East. (g) Assist- 
ant Bacteriologist for 500-bed hospital increasing 
to 800 beds; Southwest. (h) Senior Pharmacist 
responsible for all phases of development with 
large drug manufacturer; $7000-$9000 year; Mid- 
west. (Please write for details; also many other 
positions available through our nationwide serv- 
ice.) S3-4 Medical Bureau, Inc., Science Division, 
Burneice Larson, President, 900 North Michigan 
Avenue, Chicago. x 








Microbiologist. M.S. or Ph.D. for chief post in 
a three-man laboratory that services the hospital 
and Isaac Albert Research Institute, research 
potential, new facilities, living accommodations, 
30 minutes from New York City, good salary 
plus grant supplementations. Personnel Depart- 
ment, Jewish Chronic Disease Hospital, East 49 
Street, Brooklyn 3, N.Y. 3/18, 25 
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Graduate Study Fellowships. For students working 
toward Ph.D. degree in biochemical pharmacol- 
ogy. Good chemical background desirable. Pro- 
gram emphasizes thorough biochemical training 
as preparation for research. Tax-free stipends, 
$1800-$3800, determined by academic qualifica- 
tions and number of dependents, plus tuition and 
fees. Pharmacology Department, Washington Uni- 
versity Medical School, St. Louis 10, Mo. /1 











Predoctoral and Postdoctoral Training Programs 
in Anatomy are available for qualified students. 
Stipends range from $1800 to 200 for under- 
graduates, starting at $6000 for postdoctoral fel- 
lows. Tuition and a modest travel allowance are 
provided for. The department has ten full-time 
faculty members, all with active research pro- 
grams. Training may include electron microscopy, 
tissue culture methods, phase cinematography, 
autoradiography, histochemistry, medical genetics, 
experimental endocrinology, and modern tech- 
niques for investigation of the nervous system. 
The program includes opportunities for training 
at other divisions of the university in accord with 
the desires and best interests of the student. For 
further information please write to the Chairman, 
Department of Anatomy, The University of Texas 
Medical Branch, Galveston, Texas. 


3/25; 9/2; 10/7 


Postdoctoral Traineeship in Neuropharmacology 
and Biochemical Pharmacology. For the Ph.D. in 
chemistry, biochemistry, or pharmacology, or the 
M.D. who would like to broaden his training and 
enter research or teaching. Stipends, largely tax 
free, $4500-$7000 per year, determined by qualifi- 
cations, experience, and number of dependents. 
Program emphasizes the biochemical approach to 
the study of pharmacology. Research areas include 
the nervous system, retina, kidney, antibiotics, 
energy-yielding processes, adaptive enzymes, and 
so forth. Department of Pharmacology, Washing- 
ton University Medical School, St. Louis 10, rit 
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Iii! BOOKS AND MAGAZINES jill 
SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at to rices, 
Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams M i Service, N. Y. 3, N. Y. 














Hill BOOKS AND MAGAZINES jj 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
Fet prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 














MAMMARY TUMORS IN MICE 


AAAS Publication No. 22. By the staff of 

the National Cancer Institute, National In- 
stitutes of Health. F. R. Moulton, Ed. 
7%” X 11%”, cloth, 20 tables, 52 illus. Pub- 
lished 1945—Now offered at reduced price: 
$3.00 prepaid orders by AAAS members, 
$3.50 retail. 


AAAS 
1515 Massachusetts Avenue, NW, 
Washington 5, D.C. 
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HISTOLOGY 
for 
Industry and Research 


GEORGE L. ROZSA, M.D. 
143 Linwood Ave. Buffalo 9, New York 
GRant 7165 
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1919 = 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 























SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 















you nego THis FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No sal will call. 


COLORADO SERUM. CO. 
4950 York St.* MAin 3-5373 ¢ Denver 16, Colo. 

















99.0+% PURE 
METHYL OLEATE - OLEIC ACID 


Applied Science Laboratories, Inc. 


Dept. O, 140 N, Barnard St. 
State College, Pa., AD 8-0221 








EVOLUTION 
OF NERVOUS CONTROL 
FROM PRIMITIVE 
ORGANISMS TO MAN 


AAAS Symposium 
Volume No. 52 


Editor Allan D. Bass 
Published June 1959 


6” x 9”, 240 pp., 61 illus., 
references, index, cloth 
AAAS members’ cash orders $5.00, 
Retail $5.75 


Contents: 


Bernard B. Brode: Preface 

Edmund W. Sinnott: A Common 
Basis for Development and Be- 
havior in Organisms 

M. C. Niu: Current Evidence 
Concerning Chemical Inducers 

C. Ladd Prosser: Comparative 
Neurophysiology 

Harry Grundfest: Evolution of 
Conduction in the Nervous 
System 

George B. Koelle: Neurohumoral 
Agents as a Mechanism of 
Nervous Integration 

Joseph V. Brady: A Comparative 
Approach to the Study of Drug 
Effects on the Behavior of 
Higher Animals 

Irvine H. Page: Chemistry of the 
Brain: Past Imperfect, Present 
Indicative and — Future Per- 
fect? 

Hans-Lukas Teuber: Some Alter- 
ations in Behavior after Cere- 
bral Lesions in Man 

I. Arthur Mirsky: Psychoanalysis 
and Human Behavior: Experi- 
mental Approaches 

Index 
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AO's Revolutionary Magni-Changer available 
in New Low-Cost CYCLOPTIC Series 


b> Only the time tested, performance proven AO CYCLOP- 
TIC Stereoscopic Microscope offers the convenient Magni- 
Changer. You simply “dial-in” desired magnifications. Mag- 
ni-Changer is located just inches from focusing knob. 
convenient to your hands...no fumbling...no need to 
lift your eyes from eyepieces. 
Now you can choose from three Magni-Changer Models 
Magni- Changer Models “J” and “K” New Magni-Changer 
“K" and “J” series each offers 3 different magnifications for 
each eyepiece / objective combination. Resultant magnific a- 
tion range of “K’’ series, 5X to 60X; of “J” series, 3.5X 
to 80X. “J” and “K” models are $23.00 and $73.00 less re- 
spectively, than comparable “M” models. 
Magni-Changer Model “M" If you need a greater mag- 
nification range you can select a Magni-Changer “M” CY- 
CLOPTIC... provides 5 different magnifications for each 
eyepiece/objective combination through a wider resultant 
magnification range of 3.5X to 80X. 
Fixed Body Magnification The popular; still lower-cost 
CYCLOPTIC “F” Models offer a fixed body magnification 
for those many applications where instantly changing mag- 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


SPENCER 


nifications are not required, Resultant magnifications can be 
varied from 10X to 40X by interchanging eyepieces, objec- 
tives or auxiliary lens attachments. 

Investigate the complete CYCLOPTIC story! You'll find a 
stereoscopic microscope to suit your specific application see 
and your budget. Use the handy coupon for complete infor- 
mation and prices. 


Please send AO CYCLOPTIC Brochure SB56 
Name 


Address 














